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BULLETIN 


AMERICAN PHYSICAL SOCIETY 


1958 Annual Meeting at New York, January 29-February 1, 1958 


HE 1958 Annual Meeting of the American 
Physical Society will be held at New York 
on Wednesday, Thursday, Friday, and Saturday, 
January 29, 30, 31, and February first, 1958. The 
American Association of Physics Teachers (herein- 
after to be denoted by AAPT) will share in the 
Ceremonial Session and in the banquet. The play 
will be wholly new, but the staging will depart in 
only two ways from that of last year. The head- 
quarters hotel will be the New Yorker, as it has been 
for years, and most of the sessions will be held in 
its various halls. For the Ceremonial Session we 
have (we hope) successfully regained the great 
theater of the Manhattan Center, of which a mis- 
understanding (not our fault nor that of the 
American Institute of Physics) deprived us last 
year at the last minute. The North Ballroom will 
be used for an enlarged exhibit, and in exchange we 
have taken a hall in the Governor Clinton Hotel 
diagonally across Penn Station from the New 
Yorker. The Ceremonial Session will be held on 
Thursday afternoon; the banquet, in the Terrace 
Room of the New Yorker, is scheduled for seven on 
Friday evening. 

From causes which we do not know but to which 
we are grateful, the number of ten-minute papers 
has not set a new record, but instead has declined 
by a very little from that of 1957. Nevertheless the 
visitors must look forward to crowded halis, crowded 
corridors, confusion on the registrants’ though not 
on the registrars’ side of the registration desk, and 
sessions longer in many cases than we should like 
to make them. The Local Committee is captained 
as last year by S. A. Korff and Arthur Beiser, but 
even they would find it hard to solve the problems 
of so great an assembly but for the precious and 
indispensable aid of the American Institute of 
Physics, many of whose staff will be engaged in our 
interest during the meeting days and some of whom 
have been prepared for it ever since September. 


The official hotel is the New Yorker, which is at 
Eighth Avenue and 34th Street. This is opposite 
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the northwest corner of Penn Station. Diagonally 
across Penn Station, opposite its southeast corner, 
is the Governor Clinton Hotel where we hold some 
of our sessions. Manhattan Center is next door to 
the New Yorker, westward on 34th Street. The 
Eighth Avenue subway stop is at the New Yorker, 
the Seventh Avenue subway stop is at the east side 
of Penn Station. In two previous issues of this 
Bulletin our members were admonished to get 
ahead of the rush by making their reservations 
right away. To facilitate the task of those who did 
not do so, we print on page 77 of this Bulletin a 
form which they are to fill out and mail. 


The registration desks will be located in the 
North Ballroom Foyer on the mezzanine floor of 
the New Yorker (same place as one year ago!). 
Banquet tickets will be sold there. Post-deadline 
papers, if any, will be announced on a blackboard 
near the desk. There will be a special blackboard 
for notice of messages and of changes, should there 
be any, in the arrangements. 


The registration fee will be two dollars, payable 
at the desk. These Annual Meetings are the cost- 
liest of all of ours, partly because of their size, 
partly because of expenses of various kinds which 
must be incurred when meetings are held in a hotel, 
partly because of the need of renting so capacious 
a theater as Manhattan Center for our grandiose 
annual event. Hitherto we have urged, with in- 
creasing vigor, the payment of the registration fee. 
Now we reach the stage of insistence. We hope we 
can rely on the honor system and not be obliged to 
proceed to the final step, which is that of posting 
hired guards to bar nonregistants from the sessions. 
Meanwhile we shall refuse to post any message 
handed in by anyone who has not registered and 
paid. 


The banquet of the American Physical Society 
and of the AAPT will be held on Friday evening in 
the Terrace Room of the New Yorker. The 1958 
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Oliver E. Buckley Solid-State Physics Prize will 
be awarded. The after-dinner speakers will be James 
R. Killian, Jr., President of M.I.T. and Special 
Assistant to the President of the United States, 
and Elmer Hutchisson, new Director of the Ameri- 
can Institute of Physics. This banquet being held 
on the third day of the meeting, we are not asking 
for advance reservations. You must, however, buy 
your tickets not later than 6 p.m. Thursday at the 
registration desk: the hotel sets places for only 5% 
more than the number of tickets sold by that time. 
Your tickets will Ee held for you if you pay in 
advance (by check made out to American Physical 
Society and mailed to Mr. E. P. Tober, 335 East 
45th Street, New York 17, New York). The price 
will be $5.50. 


The Joint Ceremonial Session of the two Socie- 
ties will be held in Manhattan Center on Thursday 
afternoon, beginning at two o'clock. Our retiring 
President, H. D. Smyth, will deliver his address 
entitled ‘‘Past and present relations of science and 
government in the United States." The Oersted 
Medal of the AAPT will be conferred upon J. W. 
Buchta, who will respond with a speech named 
‘A new era in science?”’ The sixteenth Richtmyer 
Memorial Lecture of the AAPT, entitled “The 
approximate nature of physical symmetries,” will 
be given by Philip Morrison. 


The Oliver E. Buckley Solid-State Physics Prize 
for 1958 will be awarded at the banquet to Nicolas 
Bloembergen. 


Invited papers on the general programme are 
by H. H. Barschall, L. R. Bickford, Jr., Gregory 
Breit, S. C. Brown, G. F. Chew, S. A. Colgate, 
Martin Deutsch, J. F. Dillon, Jr., R. P. Feynman, 
E. H. Fitzgerald, Maurice Goldhaber, R. W. Hay- 
ward, Robert Hofstadter, V. Jaccarino, A. H. Kip, 
Franz Metzger, H. Palevsky, H. A. Pomerantz, 
B. Richter, J. Steinberger, P. H. Stelson, S. B. 
Treiman, J. L. Tuck, W. A. Wenzel, and Richard 
Wilson. Four of these (the discourses by Brown, 
Colgate, Krusks!, and Tuck) pertain to the phenom- 
ena of high-temperature plasmas. Also in the field 
of electron physics is a group of four papers invited 
by our Division of that name, the speakers being 
J. Kistemaker, J. Sayers, S. Borowitz, and B. 
Bederson. Our Division of Solid-State Physics 
takes credit for a group of invited papers by L. R. 
Bickford, Jr., J. F. Dillon, Jr., J. A. Ibers, W. C. 
Koehler, Lorenzo Sturkey, and M. K. Wilkinson, 
these pertaining to crystal structure revealed by 
diffraction of electrons and neurons. 


Three hundred and sixty-seven contributed 
papers are disposed among thirty-two sessions. 


Last year’s number was 376, the record for New 
York. Semiconductors have gained over last year, 
and so have beta and gamma emitters, perhaps be- 
cause of the interest in parity, which is ramifying 
to such an extent that it is not always a simple 
matter to discern which papers bear on it and which 
do not—Session SA comprises some but probably 
not the whole of the former category. Nuclear 
magnetic resonance and neutrons are no longer of 
interest to nuclear physicists exclusively, and elec- 
tron-spin resonance turns up in unexpected fields. 
Most welcome aid was extended by H. M. Foley 
who arranged the papers in theoretical physics, 
by C. H. Townes who accepted the corresponding 
task for magnetism and magnetic resonance, and 
by the Deputy Secretary who distributed the papers 
in neutron physics and nuclear reactions. This time, 
the biggest day for receipt of abstracts was the 
day before deadline: was this the effect of the 
admonition in the 1957 Washington Bulletin? One 
member (or maybe more than one?) will be dis- 
appointed to miss his abstract from this Bulletin, 
though it arrived in time: he forgot to put his 
name in. 


The Business Meeting of the Society will be held 
at 4:45 p.m. on Wednesday in the Terrace Room cf 
the New Yorker. The time though not the place 
was also last year’s choice, and now that we have 
tried all hours of the day, without ever finding one 
which drew a crowd, we may make it the customary 
one. If the constitutional amendment now before 
the membership should have failed of adoption, 
there will probably be a run-off election at this 
meeting. 


The Council of the American Physical Society 
will assemble on Tuesday, January 28, at 10:30 a.., 
in the new building of the American Institute of 
Physics (335 East 45th Street) unless contrary 
notice is sent to its members. 


The American Institute of Physics will conduct a 
Placement Service Register on the Sth and 6th 
floors of the New Yorker, January 29-February 1. 
The Register will be open until 9 p.m., Wednesday, 
Thursday, and Friday evenings and until noon on 
Saturday. 


Post-deadline ten-minute papers pertaining to 
very recent achievements of very special impor- 
tance will be considered for admission to a special 
supplementary programme if the abstracts are 
received at the office of the Society not later than 
Friday, January 24. The titles of such as are ac- 
cepted will be displayed on a blackboard near the 
registration desk, and the papers will be given 
under the usual ten-minute rule at the end of 
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Session Z. The abstracts will not be published. 
Those who submit post-deadline papers will not be 
able to find out whether theirs have been accepted 
until the names appear on the blackboard. We 
expect nothing like last year’s drama played before 
a suffocating house by the discoverers of noncon- 
servation of parity, but who can tell? At any rate, 
we are no better prepared for such an event this 
year than we were last. 


Preliminary announcements of the Chicago and 
Washington meetings appear on page 79 of this 
Bulletin. On page 80 are published the calendar 
of meetings and deadlines for the rest of the season 
and, below it, the rules and instructions for the 
preparation of abstracts. It will be very interesting 
to find out how many corrections to abstracts will 
have been received without the TEN DOLLARS 
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which is their indispensable passport to the pages 
of this Bulletin. If none is received, we shall know 
that these instructions are read with the attention 
they deserve. 


Errata pertaining to the contents of this issue will 
be published in a later issue of this Bulletin if 
received not later than Monday, February 3, by 
Miss Ruth Bryans, American Institute of Physics, 
335 East 45th Street, New York 17, New York. 
Do not send in your abstract marked with correc- 
tions! Write out your corrections in the form 
“Instead of . . . read. . . .’’ Add nothing. 


KarL K. Darrow, Secretary 
American Physical Society 
Columbia University 

New York 27, New York 
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and those in the Governor Clinton Hotel.) 


WEDNESDAY MORNING 


Fission; neutron physics I. Terrace. 
Electron-spin resonance. Mosaic. 

Theoretical physics I: particles. Panel. 
Pomerantz, Fitzgerald, Dillon, Bickford. Boston. 
Semiconductors I. Governor Clinton. 

Stelson, Metzger, Hayward, Wilson. Grand. 


WEDNESDAY AFTERNOON 


Semiconductors II. Governor Clinton. 

Cryogenics; Palevsky. Boston. 

Barschall ; neutron physics II. Panel. 

Division of Solid-State Physics: Ibers, Sturkey, Koehler, Wilkinson. Terrace. 
Theoretical physics II (particles); Chew, Breit. Grand. 


WEDNESDAY AFTERNOON AT 4:45 
Business Meeting of American Physical Society. Terrace. 


THURSDAY MORNING 


Nuclear moments; nuclear resonances. Boston. 

Strange particles. Terrace. 

Nuclear reactions I. Panel. 

High-temperature plasma; Tuck, Colgate, Kruskal, Brown. Grand. 
Spectroscopy. Empire. 

Semiconductors III; radiation damage. Governor Clinton. 


THURSDAY AFTERNOON 


Joint ceremonial session: Smyth, Buchta, Morrison. Manhattan Center. 


FRIDAY MORNING 


Pions and muons; Steinberger. Terrace. 

Theoretical physics III: various topics. Empire. 

Nuclear reactions II. Panel. 

Division of Electron Physics: Kistemaker, Sayers, Borowitz, Bederson; Business 
Meeting. Grand. 

General physics. Boston. 

Ferro-, ferri-, antiferro-magnetism. Governor Clinton. 


FRIDAY AFTERNOON 


Ferroelectricity, magnetism; Jaccarino, Kip. Governor Clinton. 

Hofstadter, Richter. Panel. 

Electron physics. Terrace. 

Theoretical physics IV: nuclear structure. Boston. 

Form factors; proton scattering; polarization and parity; recoil experiments. Grand. 


FRIDAY EVENING 
Banquet of APS and AAPT; Killian, Hutchisson. Terrace. 


SATURDAY MORNING 


Theoretical physics V: atomic structure, statistical mechanics. Empire. 
Feynman, Deutsch, Goldhaber, Wenzel. Grand. 

Nuclear reactions III. Boston. 

Apparatus of nuclear physics. Terrace. 

General solid-state physics. Governor Clinton. 

Beta and gamma emitters I. Panel. 


SATURDAY AFTERNOON 


Beta and gamma emitters II. Panel. 

Fluid dynamics. Governor Clinton. 

Theoretical physics VI: relativity, collision processes. Empire. 
Metals. Boston. 

Cosmic rays; post-deadline papers, if any. Grand. 
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WEDNESDAY MORNING aT 10:15 


Terrace Room 


(V. L. Sartor presiding) 


Fission: Neutron Physics, I 


Al. Anisotropy of a-Particle Emission from Oriented U*** 
Nuclei. G. W. Parker, L. D. Roperts, ano J. W. T. Dass, 
Oak Ridge National Laboratory.—Studies similar to those 
previously reported! for U** and Np*’ a-particle emission 
have now been extended to U* and U™*. The method involves 
aligning a distorted nucleus by means of the crystalline 
electric field gradient in a UO2 Rb(NOs); single crystal at low 
temperatures and observing the a-particle emission in various 
directions. In the case of U™, a spin zero, even-even nucleus, 
no alignment is expected ; hence, the a-particle emission should 
be isotropic and independent of temperature. This was found 
to be correct. On the other hand, the amount of alignment 
of U**® nuclei should be similar to that previously found for 
U**, An anisotropy of comparable magnitude was observed, 
leading to an expression for the angular distribution given by 


W(@) =1 — (0.068 +0.01) P:(cos@)/T. 


This may be compared with the coefficient of P2(cos@): for 
U*8 which was found to be —0.0625/T. 
} Roberts, Dabbs, Parker, and Ellison, Bull. Am. reg = II, 1, 207 


(1956); Dabbs, Roberts, and Parker, ibid. Ser. II, 1, 207 (19. 
Dabbs, Roberts, and Parker, Bull. Am. Phys. A Ser. I, x ‘31 (1957). 


A2. Anisotropy of Fission Fragments from Oriented U*** 
Nuclei. L. D. Roperts, J. W. T. Daspss, AnD G. W. PARKER, 
Oak Ridge National Laboratory.—Experiments carried out 
simultaneously on the fission fragment anisotropy and a- 
particle anisotropy from a system of aligned U™ nuclei 
showed an a-particle anisotropy, as previously reported, but 
revealed a much smaller anisotropy (by a factor of about 5) 
in the fission fragment angular distribution. The fission 
events were induced by thermal neutron capture. In this 
experiment, the presence of the a-particle anisotropy served 
to demonstrate that the nuclei were indeed aligned, and the 
magnitude of this anisotropy served as a ‘“‘thermometer.” 
The small size of the fission fragment anisotropy may reveal 
features of the fission process with the help of simplified 
models (see following abstract). 


A3. Fission of Oriented Nuclei and the Bohr Model. J. W. 
T. Dasss, L. D. Rosperts, anp G. W. PARKER, Oak Ridge 
National Laboratory.—At present, the only model available 
for accounting for the angular distribution of fission fragments 
from oriented nuclei is the one proposed by Bohr.' We have 
put Bohr's suggestion into a mathematical formulation and 
can compare the results with the experiments (see preceding 
abstract). In the Bohr picture, under the assumption of a 
single channel for the fission of U**, there is only one way 
in which an isotropic distribution of the fragments can arise 
from an oriented nuclear spin system. Since this is essentially 
the experimental result, it is possible to assign angular momen- 
tum values to this single fission channel. A comparison of the 
Bohr picture with angular momentum theory shows them 
to give the same results in certain very simple situations. 

1A. Bohr, Proceedings of the International Conference on the Pecceful Uses 


f eR Enerty (Geneva, Switzerland) (United Nations, New York, 1956), 
‘o 


A4. Bromine Delayed Neutron Precursor of 1.4-sec Half- 
* G. J. PERLow anp A. F. STEHNEY, Argonne National 
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Laboratory—We have improved our technique for rapid iso- 
lation of halogen fission products,'@ and have found a neutron 
activity with a half-life of 1.4+0.6 sec in the bromine fraction. 
The fissionable material was irradiated with neutrons for 
measured times as short as 0.52 sec, and counting of the chem- 
ically separated bromine activities commenced at about 2 sec 
after the end of irradiation. The bromine was swept out of an 
irradiated solution by means of a fast-moving stream of air 
and was absorbed in a thin film of CCl, adhering to glass 
beads packed in a column. BF; counters were used in a 
suitable arrangement for counting fast neutrons emanating 
from the column. In order to display the new activity it was 
necessary to subtract the contributions from 54-sec Br*’, 
15.5-sec Br®*, and 4.2+0.5 sec Br®. For the shortest irradia- 
tion the 1.4-sec activity contributed 40% of the counting 
rate at the start of the counting period, while the 4-sec 
activity contributed 50%. On the basis of an observed regu- 
larity in the half-lives of the bromine delayed neutron pre- 
cursors, we tentatively assign the new period to Br®™, hitherto 
unobserved. 


* Work performed under the auspices of the U. S. Atomic Energy 


Commission. 

1G. J. Perlow and A. F. Stehney, Phys. Rev. 107, 776 (1957) 

2G. J. Perlow and A. F. Stehney, Bull. Am. Phys. Soc. Ser. II, 2, 309 
(1957). 


AS. Neutron Energy Dependent Mass Distribution in U*** 
Fission.* R. B. Recrer, W. H. BurcGus, J. R. Smit, anp 
M. S. Moore, Phillips Petroleum Company.—Application of 
the collective model to neutron induced fission’ leads to the 
prediction that the mass distribution of fission fragments 
depends upon the spin state of the resonance responsible for 
the fission. Theoretical analysis* of the U** fission cross section 
indicates that the first two streng resonances in U™, at 1.8 
and 2.3 ev, belong to a different spin state from that involved 
in the large majority of thermal fissions. To test the prediction, 
the ratio of the thermal fission yield of Mo” to Ag™ was 
compared with the ratio obtained from fission with 1.8-ev 
neutrons provided by the MTR crystal spectrometer. Using 
saturated activities as a measure of fission yields, it was found 
that the activity ratio of Mo”/Ag™ at 1.8 ev was larger by 
15+3% than the ratio obtained at thermal energies. This 
is in apparent disagreement with the result of Roeland et al.* 
Work with other fission products and other resonance energies 
is in progress. 

Atomic Energy 


*Work performed under the auspices of the U. S. 
Commission. 

1 J. A. Wheeler, Physica 22, 1103 (1956). 

2 Moore, Miller, and Reich, Bull. Am. Phys. Soc. 

nm Bollinger, and Thomas, Bull. Am. Phys. Soc. Ser. II, 
(1957). 


Ser. II, 1, 327 (1956). 
2, 352 


A6. Isotropy of Gamma Rays Emitted during Nuclear 
Fission. Marvin HorrMan, Los Alamos Scientific Laboratory.* 
—Gamma-rays from thermal neutron fission of U™* have been 
measured at three angles to the direction of the fission frag- 
ments. The fragments were collimated into a cone with a 
half-angle of 22°. The fission fragments passing through the 
collimator were recorded by a gas scintillation counter. The 
intensity of gamma rays in several energy intervals above 
300 kev was measured at angles of 180°, 135°, and 90° from 
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the direction defined by the collimator. The gamma-ray 
pulses from a Nal(Tl) crystal photomultiplier combination 
placed 70 cm from the fission foil were recorded by a pulse- 
height analyzer. The output of a fast-slow coincidence 
system gated the pulse-height analyzer when a coincidence 
occurred between a gamma ray and a fission fragment. The 
flight time of fission neutrons over the 70-cm path was suf- 
ficient to eliminate neutron-fission fragment coincidences. 
The accidental coincidence rate was about 15% of that 
between gamma rays and fission fragments. The ratio of all 
observed gamma rays at the three angles was 50/7115 = 1.025 
+0.043 and J)s0/Jeo =1.02540.043. Similar measurements 
using U™ and Pu nuclides will also be reported. 


* Work performed under the auspices of the U. S. Atomic Energy 
ission. 


Comm 


A7. Thermal Neutron Flux in a Medium with a Tempera- 
ture Discontinuity. D. A. Korrwitz, Hanford Atomic Products 
Operation.—The energy and spatial dependence of the steady- 
state neutron flux has been derived for a nonabsorbing infinite 
medium: consisting af a heavy monatomic gas, the tempera- 
ture of which has a constant value in one half-space and a 
different constant value in the other. The heavy gas and P, 
approximations lead to a partial differential equation which 
is separable for each region. Each resulting energy eigen- 
function is the product of the Maxwellian flux function and 
a Laguerre polynomial of order one. Evaluation of the series 
expansion coefficients is difficult if both flux and current arc 
required to be continuous at the boundary plane. However, 
if the flux and gradient are joined continuously, allowing a 
sligkt mismatch in current, the coefficients are readily ob- 
tained for all temperature cases. Numerical results of this 
calculation will be presented. An interesting general conclu- 
sion, which comes directly from integration of the partial 
differential equation, is that the asymptotic values of inte- 
grated (over energy) flux for large distances from the dis- 
continuity are the same for both regions. This is a character- 
istic of a Knudsen gas and is consistent with the Onsager 
theorem concerning coupled irreversible processes. 


A8. Energy Distribution of Neutrons Slowing Down in a 
Gas of Point-Particles.* Nort CorNGoLp, Brookhaven Na- 
tional Laboratory.—Solutions to the neutron thermalization 
problem have been given for a gas composed of point particles 


with mass equal to the neutron mass,' and with mass very 
large compared with the neutron mass.* This paper shows 
that, if one uses the asymptotic expansion of scattering cross 
section suggested by Placzek* and Wick,‘ one can extract 
from the Boitzmann equation for neutron density a series 
solution in terms of the variable (24T/E). No restriction on the 
moderator mass is necessary. The paper also discusses the 
circle of convergence of the series, its connection with the 
special solutions mentioned previously, and extension of the 
analysis by analytic continuation. 

* Work performed under the auspices of the U. S. Atomic Energy 
Pr. Wigner and J. E. Wilkine, Jt AECD-2275 

? For references see ER Nuclear Sci. aie et 2, 227 (1957). 


Cohen, 
+G. Plac: Phys. howl 86, 377 (1952). 
*G. on Wick, Phys. Rev. 94, 1228 (1954). 


A9. Dynamic Preperties of Neutron Amplifiers. BERNARD 
Brown, New York University —The dynamic properties of 
neutron amplifiers'* may be analyzed from the viewpoint of 
general amplifier characteristics. The gain of a neutron 
amplifier is described for the case where neutrons are fed back 
to earlier stages of the amplifier. A neutron amplifier is pro- 
posed in which the neutron feedback is controlled by limiting 
the neutron transfer between stages. The ies of a 
fast neutron amplifier are analyzed, including the effect of 
transients on amplifier stability. The application of a neutron 
amplifier to power production is discussed. The lower mul- 
tiplication factor of the neutron amplifier relative to a critical 
reactor is shown to increase the breeding ratio and decrease 
the fuel inventory requirements per stage. 

'L. B. Borst, Bull. Am. Phys. Soc. Ser. I], 2, 224 (1957). 


H+ ie ey B. Borst, Bull. Am. Phys. Soc. Ser. IT, 2, 225 (1957). 
+L. B. Borst, Phys. Rev. 107, 90S (1957). 


Al0. Convergatron Amplifier Characteristics. L. B. Borst 
AND P. MicuaeL_, New York University—A polar neutron 
amplifier must be operated near the critical condition to 
achieve an output greater than the input to a stage. Since the 
only neutron sink in the system is the thermal neutron barrier, 
expedients can be used to reduce the flow to this region. The 
moderator zone must restrict the backward flow of epithermal 
neutrons to avoid excessive feedback, yet permit the forward 
flow of thermal neutrons to the subsequent stage. The choice 
of moderator and the variation of moderator and fuel distribu- 
tion will be discussed in the light of these requirements. 





WEDNESDAY MorNING aT 10:00 


Mosaic Room 
(A. F. Kip presiding) 


Electron-Spin Resonance 


Bl. Magnetic Moment of Helium in Its *S, Metastable 
State.* C. Drake, A. Lurio, V. W. HuGues, anp J. A. 
Waite, Yale University—The ratio of the electronic gy value 
of He in its 1s 2s, *S, metastable state to the gy of H in its 
ground state has been redetermined by the atomic beam 
magnetic resou2nce method using separated oscillatory fields. 
At magnetic fields of about 540 and 580 gauss the transitions 
AM=1, +2 in He and (F,M)=(1,0)++(1, —1) in H are 
observed at frequencies of approximately 1570 Mc/sec and 
1140 Mc/sec, respectively. The natural line shapes for the 
separated oscillatory fields method are obtained with spacings 
between the oscillatory fields of both 4.5 cm and 2.2 cm. 


The experimental result is 
gs (He,*S,) /g7(H,2S;)expt. = 1 — (23.340.8) X 10-6, 
which agrees with an earlier measurement! having an accuracy 
of 16 ppm, and also with the theoretical value* 
gz(He,*S,) /gz(H,2S;)theoret = 1 — (23.2%1.0) X10-*, 

computed from the Breit equation for He with the addition of 
a term to represent the interaction of the anomalous spin 
moat moment of each electron with the external magnetic 

* This research has been supported in part by the National Science 
Foundation and by the U. S, Air Force Office of Scientific Research, 


1H ag Rhoderick, and Weinreich, Phys. Rev. 91, 828 (1953). 
2W. and V. W. Hughes, Phys. Rev. 91, 842 (1953). 
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B2. Atomic g,; Values for Neon and Argon in the Metastable 
*P, State.* A. Lurio, C. Drake, V. W. HuGHEs, AND J. A. 
WuitTE, Yale University—The ratios of the electronic gy 
values of Ne and A in their metastable *P, state to the gy 
of He in its metastable *S, state have been redetermined! 
by the atomic beam magnetic resonance method using 
separated oscillatory fields. At a magnetic field of 550 gauss 
transitions between Zeeman levels oi Ne or A and of He 
are observed at frequencies of approximately 1157 Mc/sec 
and 1543 Mc/sec. If the known value g;(He) =2[1.0011183- 
(8) ¥ is used, the results obtained are gy(Ne,?P2)expti = 1.50088- 
8(5) and gs(A,P2)expt: = 1.500964(8). Relativistic corrections* 
to the Lande gy value of 1.5 for a*P: state have been computed 
using Slater wave functions. If these corrections are combined 
with the spin g, value for the electron of g, =2(1.0011596),‘ the 
following theoretical values are obtained : g7(Ne,?P)theoret = 1.5 
0088 and gs(A,*P2) theoret = 1.50106. The agreement of the experi- 
mental and theoretical gy values for Ne is excellent; the 
discrepancy for A may be due to the effects of configuration 
interaction which are not included in the theoretical value. 

* 

Sean aT aR ormperind im part by the U.S. Air Pesce Oflice of 
A wegen and Lurio, Bull. Am. Phys. Soc. Ser. II, 2, 37 (1957). 
Phys. Rev. ag hy A 91, 852 (1953); A. Abragam and J. H. Van Vleck, 

«C. Sommerfield, fay Re 107, 328 (1957). 

B3. Microwave Zeeman Spectrum of Atomic Oxygen.* H. 
E. RADFORD AND V. W. HuGues, Sloane Physics Laboratory, 
Yale University.—The technique of paramagnetic resonance 
absorption has been used to measure the g values of the ground 
3P states of O'* in terms of the proton g value. The results are 
—gz (O;*P1)/gp =493.4236+0.0002 and —gy (O;*P:)/gp 
=493.4022+-0.0002 where gp refers to protons in a cylindrical 
sample of mineral oil. These agree with earlier, less precise 
measurements by Rawson and Beringer.' When combined 
with gy (H;*S;)/gp, measured in analogous experiments on 
hydrogen, and after inserting the theoretical value of gy 
(H; #S;), the results are gy (O; *P;) =1.500986+0.000002 and 
gz (O; *P2) =1.500921 +0.000002. These are smaller by 7 ppm 
than the corresponding theoretical g values,? computed with 
£2 =2(1.0011596).* Alternatively, theory and experiment can 
be reconciled by taking g,/gz =2(1.001179). Considering this 
as a measurement of g,/gz, the limits of error are determined 
entirely by uncertainties in the theoretical oxygen g values. 

* Ja’ 

Pe ce eres es el me 

oe ea at R. Innes. 

7C. mmerfeld, Phys. Rev. 107, 328 (1957). 

B4. Zeeman Effect Calculations in Atomic Oxygen. F. R. 
INNES, Air Force Cambridge Research Center—Computed g 
values of the ground term of atomic oxygen are found to be 
1.500931 and 1.500995 for levels *P; and *P;, respectively,’ 
very slightly larger than corresponding values based upon 
observation.? In this instance the computation of relativistic 
and diamagnetic effects* was made on the basis of the ground 
configuration alone. In other cases, superposition of configura- 
tions should introduce small changes, but here the admixture of 
configurations is slight and the resulting changes negligible. 
It is possible to conclude (following Kambe and Van Vleck*) 
that the given values are accurate, subject to the use of 
separable wave functions of the Hartree-Fock type. Investiga- 
tion of g values pertaining to other atomic species is indicated, 
preferably for levels in which departure from Russell-Saunders 
coupling and admixture of configurations remain small. 


1K. Kambe and J. H. Van Vleck, Phys. Rev. 96, 66 (1954); F. R. Innes 
“"Sif"m add and VW to be published). 
u preceding 
+ The ae 2 given by Wo pal Ph Re. 8 — (1953); A. 
Abragam and J. H 2 ae vem Phys. Rev. ae 1448 (19 


4 Reference 1, Sec. I 


BS. Gyromagnetic Ratio of Sb'**. F. M. Pipkin, Harvard 
University—The hyperfine splitting of 60-hr Sb'** donors in 





a doped silicon crystal has been measured by using the orienta- 
tion preduced by the application of various radio-frequency 
fields to detect the resonances. The orientation signals are 
similar to those obtained for As’*.! For Sb™ the relaxation 
time for processes in which the electron and nucleus flip their 
spins simultaneously so that A(m;+m,)=0 is shorter than 
for As** and orientation can be produced by the Overhauser 
effect. To make a precise determination of the hyperfine 
splitting, a double saturation experiment was performed. 
The microwave rf field was set so as to saturate the central 
(4,0)—(—4, 0) transition; the low-frequency rf was then 
swept over the region of the (— 4}, m;)—>(—4 m,;+1) transi- 
tions. From these measurements it is concluded that, for S™, 
A = —132.6+40.4 mc/sec. The known gyromagnetic ratio of 
Sb™ and Sb™,? together with the hyperfine splitting for their 
donor atoms in a silicon crystal,* can be used to calculate the 
gyromagnetic ratio of Sb™. The value g= —0.9523-0.004 is 
obtained. 


1F. M. Pipkin and J. W. Culvahouse, Phys. Rev. 106, 1102 
2W. G, Proctor and F. C. Yu, Phys. Rev. 81, 20 (1951 
3G. Feher (private communication 


(1957). 


B6. Electron Spin Resonance of Ultraviolet Irradiated Or- 
ganic Compounds.* CHARLEs P. PooLe AnD Roy S. ANDERSON, 
University of Maryland.—The 9000 Mc electron spin resonance 
spectra of over 100 ultraviolet irradiated organic compounds 
maintained at 77°K have been recorded at a g factor of two. 
The mechanism of radical production entails the absorption 
of the photon by a pi electron and the subsequent rupture of a 
nearby bond. Unsaturated hydrocarbons show well-resolved, 
symmetric, evenly spaced hyperfine structure of three to six 
lines. Aldehydes are characterized by a strong singlet at- 
tributed to the formyl radical on which there is superposed 
weaker time decaying multicomponent structure attributed 
to alkyl radicals. Nitrogen-containing compounds exhibit 
triplet structure resulting from the nuclear spin of nitrogen. 
Other classes of compounds will be discussed, including ke- 
tones, esters, acids, anhydrides, and halides. In general the 
resonances obtained are characteristic of the class of compound 
irradiated, and in many cases the radicals may be identified 
by the spacing and intensity ratios of the hyperfine structure 
components. Line widths and component separations are 
about two milliwebers per square meter. Line widths calcu- 
lated from dipole-dipole interaction with surrounding protons 
agree with the observed widths. While most radicals are 
stable for weeks at 77°K, some change or decay with time 
indicating secondary reactions. 

* This research was supported by the U. S. Air Force under contract 
monitored by the Air Force Office of Scientific Research of the Air Research 
and Development Command. 

B7. Computation of the Principal Components of an Asym- 
metric (g) Tensor From Paramagnetic Resonance Data.* J. 
E. Geusic AND L. CarRLTon Brown, Ohio State University.— 
In the case of a paramagnetic crystal in which the effective 
Hamiltonian of the paramagnetic ion is 

H =28¢;;H;S; 
j 
a method will be outlined by which one can obtain in a simple 
and direct manner the components of the (g;,;)* tensor from 
rotation data about any three mutually orthogonal axes whose 
relation to the crystal axes is known. Finally from the com- 
ponents of the (g;;)? tensor the principal g components and the 
orientation of the principal coordinate system of this g tensor 
relative to the arbitrary orthogonal system are found. 
* This work was supported in part by a contract between the Office of 


Scientific Research of the Air Research and Development Command, 
Maryland, and The Ohio State University Research Foundation. 


B8. Electron Spin Resonance Line Shapes for Solids 
Having Nonisotropic g Factors.* RoGer P. KoHIN AND 
ARLES P. POOLE, JR., University of Maryland.—The line 
shape for a paramagnetic substance having three unequal 


a 
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g tensor components g:>g:>g; and a spin of $ is derived 
assuming that the molecules have a random distribution of 
orientations. If the component line shape for a particular 
orientation is assumed to have zero width, the line shape, 
normalized to unit area, is* 

2gK(b/a)/wa gsSgSee 

alien a dls g2<eSe1 

otherwise, 


a =((g:?—g*) (g:—g*) ? 

b =((g:?—g2*) (g*-- g3*) }? 
and K (k) is a complete elliptic integral of the first kind. 
This line shape is characterized by an infinite peak at g=g: 
and shoulders at g=g; and g;. Integrations performed over 
nonzero component line widths are discussed. 


* This research was cugpernd by the U. S. Air Force under contract 
monitored by the AFOSR of the Air Research and Development Com- 


where 


?A similar line shape has been prtedy discussed with reference to 
nuclear magnetic resonance in metals by Bloembergen and Rawland, “Acta 
Met. 1, 731 (1953). 


B9. Paramagnetic Resonance Line Width Studies of 
(Zn,Ni)SiF,-6H.O.* R. H. Hoskins, R. C. Pastor, anp K. 
R. TriGGer, Hughes Aircraft Company.—This investigation, 
at 9 kmc, was undertaken to determine the mechanisms 
responsible for the widths of the paramagnetic resonance 
lines of (Zn,Ni)SiF.-6H,O. The parameters, g and 4, and the 
relaxation times are in ag cement with those obtained by 
previous workers.' At liquid helium temperatures the widths 
were approximately 20% less than those at 77°K. At given 
temperature, the widths were approximately constant in the 
concentration range of Zn/Ni of 10 to 10°. From the observa- 
tion that the widths were independent of crystal orientation, 
it was concluded that the widths did not arise from a distribu- 
tion in the value of 6, as might result from nonuniformities 
within the crystal. Crystals of (Zn,Ni)SiF.-6D.0 yielded 
different values of g and 6 but, however, widths within a few 
percent of the hydrated samples. (Ni-6H-,O)** in other host- 
lattices has been investigated. The significance of these results 
will be discussed. 

* This work was supported in part by the U. S. Signal C 

1 Penrose and Stevens, Proc. Phys. Soc. (London) ‘Ke3, pogpee 


Holden, Kittel, and Yager, Phys. ag 7S, 1443 (1949); J. W. Mey 
Lincoln Laboratory, 1955 (unpublished). 


B10. Measurement of Spin-Spin Relaxation Time in Phos- 
phorus-Doped Silicon.* A. HoniG anp E. Stupp, Syracuse 
University.—The electronic spin-lattice relaxation times are of 
the order of minutes for sufficiently dilute concentrations of 
phosphorus in silicon. Because of this isolation of the spin 
system from the lattice, it has been possible to investigate 
directly the kinetics of the spin-spin relaxation by a simple 
procedure. Abragam and Combrisson have shown that a 
partial spin temperature is established at a value of the 
magnetic field such that the Zeeman and hyperfine energies 
are equal. At this field value, a redistribution of the popula- 
tions of the three lowest lying states can occur via the spin- 
spin interaction without any energy exchange with the lattice. 
By sweeping the magnetic field through this region at varying 
rates, and subsequently measuring the populations of the 
different hyperfine levels by microwave resonances, we ob- 
tained a measure of the spin-spin relaxation time. For a 
phosphorus concentration of 1.4X10'*/cm*, about 1 second 
must be spent in passing over the line width to obtain half 
of the relaxation. In interpreting this result, it must be kept 
in mind that for a particular value of the external magnetic 
field, the spin packets that can interact to produce a spin 
temperature are restricted to those which do not require 
energy from the lattice. 


enn ae Se. 5 ee ee 








B1l. Solid-State Masers and Spin-Lattice F.elaxation 
Times.* C. F. Davis, M. W. P. STRANDBERG, ND R. L. 
Kya, MJ7.—Interpretation of the operational properties of 
a solid-state maser, which we have operating ir. our Labora- 
tory, indicate that the process conventionally described as 
spin-lattice relaxation indeed plays a domirant role in the 
operation of these devices. As has been pointed out,'* the 
spin-relaxation process must be extended to include phonon 
relaxation processes which in fact can dominate, in the sense 
that anomalous phonon temperatures can exist in the vicinity 
of the saturation frequency. 


“on nie werk wes eonmened ts pact by the S. 6. Bem ee. ee 
U. S. Air Force (Office of ag egy : a 
ment Command), and the U. S. Na , Soe oe 

' Strand! . Davis, and nattce felaxation 


times with pu —~eeny 4 th International Con 
perature Chemistry, Madison, Wi isconain, August 30 “ga 
mm ety = van den Broek, and Gorter, Physica 361 (1957). 


B12. Paramagnetic Relaxation at Very Low Temperatures.* 
F. R. Nass, J. A. Grorpmarne, L. E. Avsop, anp C. H. 
Townes, Columbia University.—A series of experiments using 
paramagnetic resonance at microwave frequencies and in the 
1-2°K tem ture on Gd.Mg;(NO;):2-24H;0, 
K;Cr(CN).«, and Cu(NH,):(SO,):-6H,0 indicate the following 
characteristics for the relaxation of these substances. It is the 
lattice-bath relaxation which limits the total rate of relaxa- 
tion. The spin-lattice relaxation time is several orders of 
magnitude smaller than the normally observed values of 7). 
The breadth of the lattice modes is very much larger than 
the width of the resonances in diluted crystals, and in particu- 
lar for 1% paramagnetic concentrations of Cu(NH,4)2(SO,):-6 
H,O, the breadth is several hundreds of megacycles. The 
breadth of the lattice modes increases with increasing concen- 
tration of paramagnetic centers. In a time comparable with the 
spin-lattice relaxation time two nearby resonances are brought 
to the sameeffective temperature by exchange of energy through 
the broadened lattice modes which connect the spins. The 
observed relaxation time 7, is dependent upon crystai size. 
Characteristics imply a number of other properties con- 
nected with paramagnetic relaxation, and the importance of 
heat conduction by diffusion of phonons. 


* Work supported by CRs ft Ham 
search, and the U. S. Air 44 1, hh — 


B13. Preservation of Spin State in Free Atom-Inert Surface 
Collisions.* H. G. Roprnson, E. S. ENSBERG, AND H. G. 
DEHMELT, University of Washington Employing an optical 
technique similar to the one described earlier' spin relaxation 
measurements were carried out on rubidium vapor at about 
10mm contained in a 200-cc spherical bulb whose walls 
were coated with eicosane, CroH, a straight chain saturated 
paraffin. Experimental “decay times” as long as 57X10 
sec for the weakest light intensity used were observed which 
lead to a relaxation time of 165 X10-* sec. This implies that at 
least 600 atom-wall collisions occur before appreciable dis- 
orientation of the spins sets in or the atoms are lost. Con- 
tinuous evacuation insured a residual pressure of less than 
10™ mm as measured with a Langmuir vibrating vane gauge 
mounted inside the cell. The rubidium atoms evaporated 
from a short uncoated side arm held at the same temperature 
as the whole cell, namely 38°C, and disappeared through the 
pump lead and possibly by chemical reactions with the 
paraffin. Noticeable shortening of the relaxation time with 
increased temperature lends scme support to the latter as- 
sumption. Strong paramagnetic resonance signals were 
pe wt hand ere icp Gerster 
technique. Results of further paramagnetic resonance experi 
ments using coated cells and successive oscillatory feld fields 
will be reported. 

1H. G. Dehmelt, Paya Rov Rev. 105, 1487 (1957). val aes 
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WEDNESDAY MornING AT 9:45 


Panel Room 


(J. D. Jackson presiding) 


Theoretical Physics I: Particles 


Cl. Velocity Dependence of the Two-Nucleon Interaction.* 
R. E. MarsHak AND S. Oxuso, University of Rochester —It 
has been shown! that the addition of the term linear in the 
nucleon momentum (spin-orbit potential) to the static two- 
nucleon interaction leads to a good fit of all existing scattering 
data up to 150 Mev. The fit at 300 Mev is less satisfactory 
and the question arises whether the further addition of terms 
quadratic in the nucleon momentum would improve the fit 
at the higher energies. As the first step we have studied the 
most general form of the nonrelativistic two-nucleon inter- 
action containing quadratic (and higher) powers of the 
nucleon momentum. We find that if one stays on the energy 
shell? the only essentially new term in the potential is of the 
form (@,-L)(L2-L). We next seek guidance from meson 
theory as to the structure of this quadratic spin-orbit potential. 
We find that this quadratic spin-orbit term arises as a cor- 
rection of order (u/M)* (u is the pion mass and M is the 
nucleon mass) to the second-order static potential. 

pp sore by the U. S. Atomic Energy Comm 


ission. 
E. Marshak, Phys. Rev. 106, 832 (1957). 
: Gt  Rendin, and Smorodinsky, Joint Institute preprint. 


C2. On Generalized Gauge Transformations.* F. Girsey, 
Brookhaven National Laboratory.—Attention is drawn to a 
4-dimensional symmetry of the pseudoscalar meson-nucleon 
system. This is best studied by analyzing the nucleon wave 
function (p,m) into two 4-spinors y and ¢ defined by 
V=hL—ys)Pt+H(it+ys)p? and ¢=4(1—y:)p—H(1+7s)p*. 
It is shown that when x and ¢ undergo Paulis’ generalized 
gauge transformations x~ax+bysx* and {f~a’t+b’ysf*, 
({a|?+]b|?=|a’|2+6’|?=1, we obtain a 4-dimensional 
rotation group which leaves the quadratic form m*+g* x? 
invariant (m is the nucleon mass and * denotes the meson 
field). Isotopic spin rotations correspond to a’=a, b’=5 
while transformations of the Dyson-Foldy type follow from 
the special case a’ =a*, b’ = —b. Under such transformations 
p and # are mixed, but not x and ¢. However parity (f’) and 
charge conjugation (C) mix x and ¢. Parity conserving terms 
in the Lagrangian contain x and ¢ in a symmetrical manner 
while interaction terms involving only x (or ¢) destroy both 
C and P invariance. Such weak interactions may be intro- 
duced by the B field technique of Yang and Mills in the 
specialc ase a’=1, b’=0, a and 6 being arbitrary functions 
of space-time variables. 


* Work performed under the auspices of the U. S. Atomic Energy Com- 
mission and the International Cooperation Administration. 


C3. Mass Reversal and Weak Interactions.* J. J. SakuRa1,t 
Cornell University.—An attempt is made to construct a theory 
of all weak processes from a single invariance principle. The 
requirement that the weak interaction Hamiltonian be 
invariant under the reversal of the sign of the mass in the 
Dirac equation separately for any fermion leads to a unique 
form of the four-fermion interaction responsible for weak 
processes. The Hamiltonian contains equal amounts of V 
and A, and is necessarily invariant under time reversal but 
noninvariant under parity regardless of whether or not the 
neutrino field is involved. (Our results are identical to those 
obtained by Feynman and Gell-Mann and by Sudarshan 
and Marshak using somewhat different approaches.) The 
possible existence of an intermediate charged boson field 
responsible for all weak processes is discussed with reference 


to several weak processes which have not been observed. 
Most experiments in 8 decay and the x-yw-e sequence are con- 
sistent with the predictions of our theory with the important 
exception of the He® recoil experiment. Various implications 
of our theory which can be experimentally tested are examined 
with special attention to the decay interactions of hyperons 
and K mesons. In particular a large asymmetry in the A 
decay is predicted. 


* Supported in part by the joint program of the Office of Naval Research 


and the U. S. Atomic Energy Commission. 
t+ Cornell University Senior Graduate Fellow. 


C4. Application of the Heitler-London Method to the Two- 
Nucleon Problem. R. E. Curxoskxy, Carnegie Institute of 
Technology.—The two-nucleon system is being studied by a 
method which is based on explicit construction of the eigen- 
states, using a representation which depends on the exact 
one-nucleon eigenstates. A fixed source model of the meson- 
nucleon interaction is being used in the preliminary study 
The Heitler-London representation is defined by operators, 
which, when operating on the vacuum, create physical one- 
nucleon states, with given numbers of incident mesons. 
(Specification of the dependence of these operators upon the 
canonical variables selects unique operators.) Heitler-London 
states, defined by products of these operators, are exact two- 
nucleon eigenstates for large separations. Automatically 
renormalized expansions for the energy, average number of 
mesons, charge density, etc., are easily derived. The inter- 
action energy given by the familiar linear fixed source theory 
is being calculated by this method. The two-meson exchange 
part of the energy agrees with the result of Miyazawa,' but 
with more exchanged mesons, some numerically small but 
interesting new terms appear, which do not have the usual 
type of exponential decay. 


'H. Miyazawa, Phys. Rev. 104, 1741 (1956 


C5. Clothed Particle Operators in Simple Models of Quan- 
tum Field Theories. O. W. GREENBERG,* Air Force Cambridge 
Research Center, anv S. S. ScHwWEBER, Brandeis University.— 
The idea of using clothed operators, that is operators which 
create and annihilate one-particle eigenstates of the total 
Hamiltonian, in field theory is examined. The operators 
presently used in field theory, such as the renormalized 
Heisenberg operator, do not have this property. These clothed 
operators are related to the unrenormalized Schrédinger 
picture operators by canonical transformation. Using the 
clothed operators, the usual renormalization of mass and 
charge is extended to the renormalization of the states and 
operators appearing in the theory. The virtual cloud of par- 
ticles surrounding a physical particle in present discussions 
of field theory is no longer present corresponding to the 
elimination of persistent effects from the theory.! Mass and 
wave function renormalization are automatically accomplished 
by the clothing transformation. The form of the Hamiltonian 
expressed in terms of clothed operators is discussed. These 
ideas are applied to the static scalar model, the Lee model, 
and the van Hove-Ruijgrok model. 


* At Brandeis University during most of this work. 
1L. van Hove, Physica 21, 901 (1955) and 22, 343 (1956). 


C6. Mass Effect in P-State z-P Scattering.* H. Y. Curv, 
Cornell University—In a recent phase analysis! it is found 
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that (4:;—8s:) is of the order of 7° at 150 Mev and is spec- 
tacularly large (~20°) at 220 Mev. A suggestion has been 
made to explain this discrepancy as due to the difference in 
masses of charged and neutral pions. On assuming 2 definite 
mesonic charge “g"’ in analogy to the electrodynamic case, 
one finds a different f, the pseudovector coupling constant 
in Chew-Low theory, through the formula, 





Mri, r0 
fz.0 ( 2M J* 
and then the Kemmer’s interaction Hamiltonian becomes 


H, =f = Vridy +afirioy, 


where a = (uso—ur4)/ur4 ~ —0.03. Near resonance this per- 
turbation term afyrs¢x) may be coupled to the large reso- 
nance amplitude and gives additional terms to the well-known 
scattering formula: 


(wP—»x_P) = \[a(4) +2a(4)] 
(x_P—>ron) = rad) —a(4)]. 


An investigation at both high and low extreme energies is 
made. 

* Supported in part by the joint program of the Office of Naval Research 
and the U. S. Atomic Energy Commission. 


'H. Y. Chiu and E. L. Lomon, “Pion nucleon phase shifts for interme- 


diate energies” (to be published in Phys. Rev.). 


C7. Comparison of =*p and X~n Systems.* GeorGe A. 
Snow, U. S. Naval Research Laboratory.—The assumption of 
charge symmetry for the interaction between 2 hyperons and 
nucleons implies that the forces in the =*p and the 2” 
systems differ only by the repulsive Coulomb force in the 
former (we neglect the 2*, 2~ mass difference). Let us assume 
that the =-m system is bound with a binding energy «, 
and inquire as to the binding energy ¢, of the =*p system. 
In particular we wish to determine the maximum value, @, 
such that the =* system has zero binding energy. Taking a 
square well potential for the =~» system of range 6, we find 
that the condition «,-+0 implies that @_ =0.38, 0.47, 0.62 Mev 
for b=1.4, 1.0, 0.6X10™" cm, respectively. Hence one sees 
that there is a non-negligible energy region, 0<¢«_<é_, such 
that 2- is bound and =*p is unbound. Conversely if 2*p 
is bound! =~m has a binding energy greater than the values 
of @_ given in the foregoing. For the special case «, =0.014 
Mev, the Schrédinger equation for the =*p system has a 
particularly simple solution which illustrates clearly the 
effect of the Coulomb field on the wave function. 

* Supported in part by the U. S. Atomic Energy Commission. 


1 Baldo-Ceolin, Fry, Greening, fesien and Limentani, Nuovo cimento 6, 
144 (1957). 


C8. Some Remarks on the TCP Theorem.* T. KinosHita 
AND M. Zarpt, Cornell University—-The TCP theorem is 
usually proved under the assumption of (1) invariance under 
proper Lorentz transformation, (2) local field theory, (3) 
Hermiticity of Hamiltonian, (4) usual connection between 
spin and statistics (which requires the antisymmetrization of 
fermion fields), and (5) anticommutativity of kinematically 
independent fermion fields. Of these, the last one may only be 
a simplifying assumption and may not be essential to the 
theorem. In view of this, an attempt is made to see how gen- 
eral field theories behave under strong reflection when one 
omits the assumption (5). For this purpose, use is made of 
(a) consistency of the Lagrangian formalism of relativistic 
field theories and (b) microscopic causality (or integrability). 
When applied to given interaction Hamiltonians, these 
assumptions compel us to assume anticommutativity between 
some of the fermion fields. Of course, (5) is not equivalent to 


(a) and (b) in general. In an important case where all fermions 
can be classified into only two families (family is defined by 
the property that fermions in a given family must anticom- 
mute with each other while those belonging to different 
families are not subject to any definite commutation relation), 
the TCP theorem holds without help of assumption (5). 
More complicated cases will also be discussed. 


* Su by the joint of the Office of Naval Research and the 
U. S. Atomic Energy C 


C9. Photoproduction of Pion Pairs.* RonaLtp F. PErIERLS, 
Cornell University—A general expression for the angular dis- 
tribution of pion pairs photoproduced from nucleons is 
derived from phenomenological considerations. It is expressed 
in terms of the S-matrix elements for production in definite 
angular momentum and isotopic spin states. Under various 
assumptions about the nature of the interaction, such as the 
absence of a meson-meson interaction, the distribution is 
obtained for the case when one s-state and one p-state pion 
are produced (assuming the latter to interact only in the 
33 state). It is expressed in terms of two arbitrary amplitudes 
and the scattering phase shifts. This is then compared with 
the predictions of the Chew-Low theory’ under the same 
assumptions. Possible experiments to test some of these 
assumptions are discussed. 

* Supported in part by the joint program of the Office of Naval Research 


and the U. S. Atomic E Commission. 
+R. E. Cutkowsky and Phys. Rev. 103, 1108 (1956). 


C10. Charge-Dependent Corrections to Pion-Nucleon Scat- 
tering.* D. M. GREENBERGER, MJ7.—If account is taken of 
the mass difference between neutral and charged pions and of 
the possibility that the three coupling constants (s°—p, 
x*—n, x*-nucleon) may differ, then the pion-nucleon system 
no longer conserves isotopic spin. This effect has been in- 
vestigated using Chew-Low theory with a p-state interaction. 
For each J value there are ten scattering amplitudes, replacing 
the two of the charge iudependent case. Only eight of these 
amplitudes are independent due to time reversal invariance. 
They are determined as solutions to a set of linear integral 
equations which may be solved exactly in the one-meson 
approximation, neglecting crossing terms and, approximately, 
including them. The crosssections for pionscattering are then 
written in the form (A +4A)+(B+AB)cosé+(C+AC)cos, 
where A, B, C represent the “charge-independent” part of the 
scattering. The corrections go through a maximum at about 
120 Mev. The coupling constant corrections can contribute 
as strongly as those due to the mass difference. Numerical 
results will be presented. 

nie eemeeteed te cart Gy the delet qoegeem of ven U, S. Office of 

Commission, 


Naval Research and the S. Atomic Energy and the 
University of Illinois. 


Cll. Photoproduction of K-Mesons and the K-Meson 
Parity.* B. T. Fetp anp G. Costa, MIT.—We consider the 
associated production of a hyperon and a K meson by photons 
on protons. The angular distributions and energy 
of the cross sections yield information from which it may be 
possible to infer the relative parity of the produced Y-K 
with respect to the nucleon parity. General, qualitative 
considerations are given, based only on the assumption that 
the photoproduction reaction features are determined by the 
nature of the Yukawa interaction, nucleon=Y+K, from 
which the parity may be inferred. In particular, it is shown 
in terms of a simple model of the Yukawa interaction that 
the relatively unambiguous interpretation of photoproduction 
requires the observation of processes involving hyperons and 
K-mesons in different charge states, e.g., y+P—-A+KXK*, 
=°+Kt, =*+K°*. The possible importance of enhancement 
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of the reactions in special states is considered and its possible 
effects on the interpretation of photoproduction observations 
will be discussed. 


* Work supported in part by the joint program of the Office of Naval 
Research and the U. S. Atomic Energy Commission. 


C12. The yx* Vertex in Photopion Processes. CHARLES J. 
GoEBEL, University of Rochester —An interaction which may 
contribute to high-energy photopion processes is the yz* 
vertex (generated by a closed nucleon loop). To illustrate its 
character, consider the primitive process: photoproduction of 
® by vy incident on a #*; the cross section goes as (c.m. 
energy)* for w< c.m. energy<M. In lowest order, using 
G*/4x =15, we find for a photon with lab energy M a cross 
section of 25 wb. The maximum differential cross section 
occurs at ca 20°, but one cannot expect to see this forward 
peaking in yN-—»2?N because the rapidly rising cross section 
favors interaction with a virtual pion which is moving back- 
wards in c.m. Further, final state interaction will likely ob- 
scure the process. The use of polarized bremsstrahlung would 
be of interest, since in yN-—>x*N by the yz* vertex, the nucleon 
recoil would show the azimuthal asymmetry only weakly. 
The contribution of the yx* vertex to y N—xN will be discussed. 


C13. Photomeson Production from Hydrogen and Deu- 
terium.* Jack L. Uretsky, University of California, Berkeley. 
—The ratios of cross sections for the two processes y +d—>x* 
+2n, y+p—x*+n were computed by use of the dispersion- 
relation theory of Chew et a/.' The final state of the two- 


G.-C A; 
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neutron system was first taken to be a plane wave,? and then 
the corrections resulting from 'S scattering were added. At 
low meson energies and small angles the 'S scattering con- 
tributes about 15% to the deuteron cross section. Satisfactory 
agreement with the recent experiments by Knapp’ is obtained 
by using 'S scattering parameters a,=—17X10™" cm and 
fo, = 2.6 X10-" cm. 


* This work was performed under the auspices of the U. S. Atomic 
Energy Commission. 

1 Chew, Goldberger, Law, and Nambu, Phys. Rev. 106, 1345 (1957) 

2M. Lax and H. Feshbuch, Phys. Rev. 88, 509 (1952 

3? Knapp, Kenney, Perez-Mendez, and Perkins, Bulli. Am. Phys. Sox 


Ser. II, 2, 320 (1957). 


C14. Time-Reversal Invariance for Two-Pion Decay of 6° 
Meson. S. Oxuso, University of Rochester—If the time- 
reversal or charge conjugation invariance does not hold for 
the two-pion decay modes of the ® meson, then generally the 
6° meson, as well as @;°, may decay into two-pions, thus making 
it difficult to explain the long lifetime of @,°. The sufficient 
conditions to forbid this were studied under the assumption 
that we may neglect the mass shifts of the @& meson. Besides 
charge-conjugation or time-reversal invariance, another 
sufficient condition is when we have the selection rule AJ 
=+4 for the isotopic spin. Other possible conditions are 
accidental cancellations. Since the rule AJ =+4 appears to 
give the wrong branching ratio for r*+x~ and 2° decay, it 
seems that charge conjugation or time-reversal invariance 
holds to a good approximation in this decay, if we ignore the 
possibility of accidental cancellations 
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Semiconductors I 


D1. Investigation of Capacitance of Forward Biased Junc- 
tions. T. E. FirLe anp O. E. Haves, Hughes Aircraft Com- 
pany.—The susceptance of a forward biased junction at low 
currents was derived theoretically by Shockley.' In most 
devices at normal operating forward biases the diffusion com- 
ponent is predominant. In view of newer devices with non- 
linear impurity concentrations, an investigation of the junc- 
tion admittances becomes again of interest. Recently Evans* 
has reported experimental data on fused alloy germanium 
emitter capacitance taken on transistors. The “capacitance” 
(for the equivalent parallel circuit model) increases to a maxi- 
mum as a function of current, decreases through zero and 
becomes inductive, finally reaching an inductive plateau. 
We have made impedance measurements on silicon alloy junc- 





tions of various sizes and history and on silicon diffused 
transistors. For low currents capacitance varies directly with 
current. Increasing the current beyond fractions of a milli- 
ampere, however, leads to a maximum at about 1—2 ma. 
Then the capacitance decreases to zero at 2-4 ma (typically 
twice the value for the maximum). No inductive saturation 
could he positively established even for currents as high as 
500 ma. In addition to complete impedance data we present 
the observed dependence of forward impedance on frequency. 


1W. Shockley, Bell System Tech. J. 28, 335-489 (194¢ 
2D, M. Evans, J. Electronics 1, 468 (1956) bos 


D2. Temperature Dependence of Noise in Transist 
or 
Structures. C. A. Lex anp G. Kaminsky, Bell Telephone 














Laboratories.—A study of the t.. sperature dependence of the 
noise in transistor struct’ « |.1s been made. The principal 
interest has been the behavior .: the noise above the usual 
1/f spectrum. The noise occurring in this portion of the spec- 
trum is believed to be caused by fundamental mechanisms 
affecting the diffusion and transport of charge carriers in the 
body of the semiconductor rather than surface mechanisms 
to which the 1/f spectrum is generally attributed. Both 
germanium and silicon transistors constructed with the use 
of diffusion and alloying techniques have been studied. The 
room temperature results in germanium transistors show 
excellent agreement with theories proposed by Van der 
Ziel’ and by Guggenbuehl and Strutt,? as have the experi- 
mental results of several investigators. However, the variation 
of the noise with temperature in germanium and silicon shows 
a marked deviation with the theories already mentioned. 
It is suggested that another mechanism affecting the diffusion 
and transport of carriers other than those considered by Van 
der Ziel (lifetime and diffusion) is responsible for the different 
temperature dependence. 
! A. Van der Ziel, Proc. Inst. Radio Engrs. 43, 1639 (1955). 


4 Guggenbuehl and J. O. Strutt, Proc. Inst. Radio Engrs. 45, 839 
(1957). 


D3. Conductivity Change of a Chemisorbing Semicon- 
ductor. H. A. Brown, National Carbon Research Laboratories. 
—The change in the conductivity parallel to the surface of 
a semiconductor has been calculated as a function of the 
density of chemisorbed gas ions on the surface. The conduc- 
tivity change is roughly proportional to the change in carrier 
density and a better approximation is obtained by including 
the decrease in the mean free time, r for carriers near the 
surface. A simple kinetic theory argument is used to derive 
the dependence of the mean free time on depth. The solution 
of the electrostatic problem by Schottky’s approach' gives 
the carrier density as a function of depth, n(x), and the con- 
ductivity is proportional to the integral of »(x)r(x). Finally, 
the integral of m(x) can be related to the surface density of 
adsorbed ions, or to the surface potential if desired. The 
calculation has been performed for a cumulative and a 
depletive case and for a semi-infinite adsorber as well as a 
thin film. 


1W. Schottky and E. Spenke, Wiss. Verdffentl. Siemens-Werken 18, 1 
(1939). 


D4. Argon Bombarded Germanium Surfaces. SUMNER P. 
Wo sky, Raytheon Manufacturing Company (introduced by 
W. T. Eriksen).—-A quartz microbalance with which weight 
differences of G.1ug can be detected has been set up in an 
ultra-high vacuum system. Pressures of 2X10-" mm of Hg 
are attainable. The behavior of germanium surfaces cleaned 
by argon-ion bombardment has been studied. In addition to 
the usual bombardment method, samples have also been 
prepared by bombardment at 475°C. The room temperature 
kinetics of oxidation of the clean germanium surfaces have 
been observed at oxygen pressures of 3 mm and 10-* mm. It 
has not been possible to pump off any of the oxygen adsorbed 
in the kinetic runs. Bombarded samples were exposed to 
vacua of 10-* to 10-* mm for varying periods of time. Sub- 
sequent heating of these samples to 475°C generally caused 
no appreciable weight loss. 


DS. Inversion Layer Transient Measurements Giving Evi- 
dence of Finite Mobility of Charges in Outer Surface States. 
H. Statz anp G. A. DEMars, Raytheon Manufacturing Com- 
pany.—Transient measurements of inversion layer conduct- 
ance clearly show that the positive charges in outer surface 
states can move under some circumstances when electric 
fields exist parallel to the surface. This movement is observed 
only when thick adsorbed films are present which result from 
the vapors of certain liquids. All measurements were made on 
n-p-n silicon bars in ambients containing acetone vapor. 
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The electric fields parallel! to the surface result from the 
saturation current which is collected by the inversion layer 
and which flows via the inversion layer to the n-regions. 
The inversion layer conductivity changes when voltage pulses 
are applied to the base region and the charge in the outer 
surface states redistributes itself. The observed changes in 
the conductivity of the inversion layer give information about 
the mobility of the charge. A discussion wil! be given 
of the effects which are observed when the applied vcltage 
pulses are high enough for pinchoff to occur. As it also will 
be shown, the finite mobility gives rise to possible instabilities 
of inversion layers. Contrary to previous belief, the mobility 
of the charge in the outer surface states is low enough so that 
no direct contributions to the conductance of the inversion 
layer but only the induced changes in the inversion layer 
conductance are observable. 


D6. New Surface Current Multiplication Process. G. A. 
DEMaRs AND H. Statz, Raytheon Manufacturing Company.— 
The described measurements were carried out on n-p-n 
silicon bars in ambients containing acetone vapor which, in 
general, produced inversion layers on the p region. If certain 
conditions relating to the mobility of the charge in the outer 
surface states, the relaxation time, the magnitude of the 
saturation current, and the equilibrium charge density exist 
the surface charge redistributes itself on the surface in such a 
manner that sharp potential drops occur where the inversion 
layer meets the main p-n junctions. The potential of the inver- 
sion layer with respect to the » region may be only a small 
fraction of the applied voltage. It is found that the saturation 
current which is collected by the inversion layer is multiplied 
while flowing through the steep potential drop in the vicinity 
of the main junctions. The field strengths involved are too 
small for conventional avalanche multiplication. It is proposed 
that the “electron temperature” is high enough to ionize 
interface states and thus to provide a current multiplication. 
To check this hypothesis multiplication measurements were 
made as a function of oxidation which is known to increase 
the number of interface states. The experimental results will 
be reported and consequences of the findings will be discussed. 


D7. Distribution of Electrons in Nonpolar Semiconductors 
at Intermediate Electric Fields. 1. Apaw1, RCA Laboratories.— 
The velocity distribution of electrons in a semiconductor 
is investigated using the gaseous discharge analogy which 
Shockley' has previously used. The collision term in the Boltz- 
mann equation is expanded as a power series in the energy 
transfer. This simplification leads directly to the Davyduv? 
distribution. The mobility, random velocity and energy are 
calculated and their behavior is discussed for electric field 
strengths E such that O<eEL/k,<1 which approximately 
defines the intermediate range. 

1 W. Shockley, Bell oer Canine Tech. J. 30. see G8 1). 

: en Ss 
(Cambridge Univ University my to York. 1953), saaed cies p. 346 oy 

D8. Field-Induced Changes in the Electron Distribution 
Function for Germanium in the Presence of Acoustical and 
Optical Mode Scattering.* Tuomas N. MorcGan,t University 
of Illinois —When an electric field is applied to a semiconduct- 
ing sample, the distribution in energy of the electrons is 
displaced toward higher energies. The amount of this dis- 
placement depends upon the efficiency of the scattering proc- 
esses in delivering to the lattice the energy supplied by the 
field and may be determined from the solution of the Boltz- 
mann equation. Such a solution has been obtained with the aid 
of the University of Illinois digital computer for the case of 
small fields in germanium with scattering by both acoustical 
and optical vibrational modes present. The change produced 
in the distribution function by the field is found to show a 
periodic behavior with a period equal to the characteristic 
energy of the optical phonons. The corresponding mobility 
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change induced by the field has been calculated for this func- 
tion and for a Maxwellian-type function corresponding to an 
effective electron temperature greater than the lattice tem- 
perature. These results provide a reasonable interpretation 
of the experimental values obtained with relatively pure 
samples between 80 and 300°K. 

Py pre ten ag ay the Office of Ordnance Research, U. S. Army. 

t Now at the |. B. M. 


‘atson Laboratory. 

D9. Drift Mobility of Electrons and Holes in Germanium 
at Pressures to 30 000 kg/cm*.* ArtHuR C. Smitu, Harvard 
University.—The effect of hydrostatic pressures up to 30 000 
kg/cm? on the drift mobilities of electrons and holes in ger- 
manium has been determined. Drift mobility was measured 
by the Haynes-Shockley technique as modified by Lawrance 
and Gibson. The drift mobility of electrons decreases as 
pressure is applied; the value at 30 000 kg/cm? is about one- 
fourth of the atmospheric pressure value. The pressure 
dependence of the mobility agrees within experimental error 
with the pressure dependence of the conductivity of extrinsic 
n-type samples, indicating that a change in carrier density 
does not occur. The drift mobility of holes increases linearly 
with pressure at a rate of about 1% per 10 000 kg/cm? for 
temperatures between 195°K and 296°K. This rate of increase 
agrees with that deduced from conductivity measurements. 
Assuming scattering due to lattice vibrations only, and using 
data on the change of elastic constants with pressure, it is 
found that an increase in the effective mass of the high mass 
holes of 2% in 10 000 kg/cm? is necessary to fit the data. 
The change in the effective mass with pressure of the low 
mass holes of about 16% in 10 000 kg/cm?, deduced from the 
motion of the (000) conduction band minimum, does not 
affect the average mobility appreciably. 

* Supported in part by the Office of Naval Research, under contract with 
Harvard University. 


D10. Pressure and Temperature Dependence of the Effec- 
tive Mass of Electrons in Germanium.* Marsa. !. 
NATHAN,t WILLIAM PavuL, AND Harvey Brooks, Harvard 
University.—Measurements of the pressure dependence of the 
electrical resistivity of n-type germanium at several tempera- 
tures where lattice scattering is predominant can be inter- 
preted largely in terms of interband scattering between (111) 
and (100) minima. However, there remains an explicit de- 
pendence of the effective mass, (1/m*)§ = 4(1/mym,?)4[(1/m:) 
+(2/m:2)], on volume, to which an upper limit can set. 
The demonstration of a small explicit temperature dependence 
of the effective mass allows us to deduce the total temperature 
dependence of m*. Our results show that |\dm*/m*dp| <8-10-"/ 
dyne cm™ and |dm*/m*dT| <1.2X10-*/°C. The maximum 
additional temperature dependence of the electron mobility 
resulting from intravalley acoustic mode scattering is 7° 
much smaller than is required to explain the T~*-* present 
discrepancy between the simple theory and experiment. It is 
shown that the effective mass cannot change by more than 
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4% between 4°K and 300°K. If the large temperature de- 
pendence of the average effective mass deduced by other 
workers from experiments is genuine, it must be the result, 
not of changes in band curvature, but of deviations from 
parabolic character of the bands. 

* Supported by the Office of Naval Research. 

t Union Carbide Fellow. 

D11. Investigation of Minority Carrier Recombination in 
Irradiated Germanium.* 0. L. Curtis, JR., AND J. W. CLEL- 
LAND, Oak Ridge National Laboratory.—Measurements of 
minority carrier lifetime as a function of irradiation have been 
extended to intrinsic and p-type germanium. In addition, 
lifetime measurements have been made 4s a function of tem- 
perature on both n-type and p-type germanium which has 
been irradiated. Carrier lifetime was determined from the 
decay of conductivity following injection by a light pulse. 
The effect of both neutron and gamma-ray irradiations on 
material with a range of initial carrier concentrations was 
examined. Electron lifetime in p-type germanium is quite 
sensitive to irradiation, the sensitivity being comparable to 
that of hole lifetime in -type material. For recombination 
centers introduced by Co” gamma rays, the electron capture 
cross section appears to be lower than for those introduced 
by neutrons. The recombination probability increases at a 
rate which is somewhat less than linear with irradiation. 


* This work was supported by the U. S. Atomic Energy Commission. 


Di2. Grain Boundary Conduction in Germanium Bi- 
crystals. H. F. Mataré, B. REED, anp O. WeErNREICH, Syl- 
vania Electric Products.—-Conductivity measurements on grain 
boundary layers obtained by controlled growth of bicrystals 
with two (100) seeds tilted about a (100) axis were carried 
out in the temperature range between 300°K and 4°K. The 
characteristics of these p-type interfaces in bicrystals grown 
from antimony-doped (n-type) melts were discussed earlier.’ 
Anomaly in their behavior with respect to minority carrier 
flow was found? and photoelectrical effects were described.’ 
The low resistivity path of these boundaries was found here 
without the use of gold doping.‘ While deionization of im- 
purity levels increases the resistivity of the monocrystalline 
sides by the usual factor of 10° to 10° from 300° to 4°K, 
the grain boundary layer maintains an almost constant value 
of 0.05 ohm cm over this temperature range, with a linear 
I-V characteristic. Assuming a uniform width of the conduc- 
tion region (~100A), the conductivities of the interfaces in 
m- and p-type material (doped with gallium) differ by less 
than a factor of 10. Copper diffusion does not change this 
behavior. Field effect measurements show interface-current 
modulation. 


1H. F. Mataré, Phys. Rev. 98, 1179 (1955); Z. Naturforsch. 10a, 640 
(1955); Z. Physik 145, 206 (1956); 148, 631 (1957). Tayler, Odell, and Fan, 
Phys. Rev. 88, 867 (1952). 

*H. F, Mataré and B. Reed, Z. Naturforsch. lla, 876 (1956). 

* Weinreich, Mataré, and Reed, Bull. Electrochem. Soc. Washington, 
May 12-16, Abstract 58 (1957). 

+A. G. Tweet, Phys. Rev. 99, 1182 (1952) 
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Semiconductors II 


El. Piezoresistance Effect in Tellurium. Donatp LoncG 
AND Ropert Pu, Honeywell Research Center—The piezo- 
resistance effect has been observed in single crystals of 
tellurium grown by the Czochralski method.' Preliminary 
measurements have been made at several temperatures be- 
tween 77°K and 350°K of the change of resistivity parallel 
to the c axis caused by a tensile stress applied parallel to the 
c axis. The resistivity decreases at all temperatures, but the 
magnitude of the decrease is much larger in the intrinsic 
range than at 77°K. The fractional decrease of resistivity is 
roughly 6X10 per dyne/cra® at 77°K and 35X10™ per 
dyne/cm? at 350°K. Because of the anomalous compressibility 
of tellurium,? this type of piezoresistance measurement is 
analogous to an experiment in which one measures the effect 
of a hydrostatic pressure on the resistivity of tellurium, and 
the results can be qualitatively explained in the same way as 
the pressure results.* Similar experiments to those reported 
here have been done by A. Sagar.* 

J. Davies, J. Appl. Phys. -— t 1217 (1957) 
: PW . Bridgman, Proc. Am. Arts Sci. 60, 305 (1925). 
+ J. Bardeen, Phys. Rev. 75, 1777 ai (ieee D. Long, Phys. Rev. 101, 1256 


(1956); J. R. Reitz, Phys. Rev. 105, 1233 (1957). 
‘A. Sagar (private communication). 


E2. Electrical Properties of Mercury Telluride.* T. C. 
HARMAN AND M. J. LoGan.—Mercury telluride has been 
prepared from pure elements by direct reaction of mercury 
vapor with liquid tellurium. The electrical properties of HgTe 
were varied over a considerable range by annealing zone- 
melted specimens of HgTe under various pressures of mercury. 
The Hall coefficient and resistivity were measured from 
54°K to 300°K for both n- and p-type specimens in the 10'* 
to 5X10'*/cm* impurity concentration range. The electron 
Hall mobility of the purer HgTe specimens at 300°K is 
17 000 cm*/v-sec. Measured values of Hall coefficient at 
various magnetic fields and temperatures for two p-type 
specimens in the temperature range of the Hall crossover 
show the same qualitative behavior as was found for p-type 
InSb. From the magnitudes of the extrinsic Hall coefficient 
and the Hall maximum, and the temperatures at which the 
Hall crossover and maximum occur, an electron-to-hole 
mobility ratio of 100 is calculated. The energy gap calculated 
from the Hall data of p-type and n-type HgTe is approxi- 
mately 0.01 ev. The energy gap obtained from the resistivity 
slope is considerably larger (~0.1 ev) but since the mobility 
does not vary as T~*?, the latter value is probably too large. 
The purest specimen was opaque to infrared radiation between 
1 wand 30 y. 

*Work supported by an Engineering Research and Development 


Laboratory Contract 
! Harman, Willardson. and Beer, Phys. Rev. 95, 699 (1954). 


E3. Electrical Properties of n-Type HgTe. J. Biack, S. Ku, 
AND H. MINDEN, Sylvania Electric Products—Single crystals 
of n-type HgTe have been prepared with carrier concentra- 
tions of 10'7 cm~*. The Hall coefficient R and resistivity p of 
these crystals have been measured at fields between 900 and 
30 000 gauss from 80°K to 400°K. All specimens examined 
were intrinsic at 250°K. Between 250°K and 400°K the slopes 
of log p vs '!/T at zero magnetic field and of log R vs */T at 
low magnetic field corresponded to an apparent energy gap of 
about 0.08 ev. Below 140°K R leveled off to a constant value 
corresponding to a carrier concentration of about 1 X 10"? cm™. 
The Hall electron mobility Re was about 15 000 cm*/v-sec at 


room temperature and it increased to a maximum of about 
19 000 cm*/v-sec at 250°K. Below 250°K Roe decreased and 
was ional to T*4 between 160°K to 80°K. Above 
280°K the Hall constant was independent of magnetic field B. 
Below 280°K R decreased with increasing magnetic field 
strength. The lower the temperature the greater was the 
variation of R with B; R at 80°K decreased by a factor of 20 
between 900 and 30000 gauss. Above about 250°K the 
magnetoresistance Ap/po was i to B* up to fields 
of 30 000 gauss. Below 250°K Ap/po fell below a B* dependence ; 
as in the case of the Hall coefficient the magnitude of the 
deviation increased as the temperature decreased. Difficulties 
in the interpretation of these data will be discussed. 


E4. Temperature Dependence of ae ee on f tyre 
Indium Arsenide. Frank Matosst, Naval Ordna 
tory.—Recently, an absorption peak was danas & in pa 
InAs and attributed to transitions between the light and 
heavy hole bands.' This interpretation leads to the expectation 
that the peak will shift with temperature. Furthermore, the 
absorption should become stronger at lower temperatures. 
The absorption of several samples of InAs measured at 
different temperatures is in qualitative agreement with these 
expectations. The observed peaks are at about 0.17 ev for 
300°K; 0.185 ev for 370°K; 0.19 ev for 420 and 460°K. At 
lower temperatures, the peak could not be clearly observed. 
The observations are compared with theoretical results calcu- 
lated by F. Stern. 

‘ F. Stern and R. Talley, Phys. Rev. 108, 158 (1957). 


ES. Extrinsic Photoconductivity in Nickel-Doped Ger- 
manium. R. NEWMAN AND W. W. Tyler, General Electric 
Research Laboratery.—Nickel at concentrations of 6.810" 
cm is introduced by diffusion at 850°C into germanium 
single crystals containing known arsenic concentrations. In 
samples for which Na,<Nwi, the fraction, f, of lower Ni 
levels' occupied by electrons at low temperatures is controlled 
to about 10%. The spectral dependence of photoconductivity 
(at 77°K) for a series of p-type samples with f-values from 
0.06 to 0.89 is interpreted in terms of hole excitation from 
neutral Ni sites and electron excitation from filled Ni sites 
(singly negative) into the conduction band. This interpreta- 
tion is confirmed by photo-Hall measurements. The photo- 
conductive yield for hole excitation process (at 0.3 ev) is 
shown to be proportional to 1—f/f in accordance with a 
simple theory. Absorption measurements on a p-type sample 
of low f-value and an n-type sample of high f-value (Na, 
~2Ny)) show the same spectral dependence as on apc 
tivity spectra but permit estimates of 
sections. At an energy of 0.5 ev these are ~10-" cm? for both 
the photoionization of holes from neutral Ni sites or electrons 
from doubly charged Ni sites. 

1 Tyler, Newman, and Woodbury, Phys. Rev. 98, 461 (1955). 


E6. of Indium Antimonide to Short Pulses 
of Light. Micton GREEN AND IRVING N. GREENBERG, U. S. 
Army Signal Engineering Laboratories —Measurements of the 
photoresponse of polycrystalline n-type and single crystal 
p-type indium antimonide were made at 78°K, using short 
flashes of light from a high-voltage spark. With point contacts, 
the polycrystalline sample exhibited a photovoltaic effect 
which was larger than its photoconductive effect. With 
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soldered contacts, the opposite effect resulted. Silicon filters 
merely decreased the magnitude of both effects. A p-type 
single crystal was tested with a tungsten rectifying point 
contact, using unfiltered light. The photovoltaic effect was 
not observed but a large photoconductive effect was found. 
Applying a positive voltage to the point (negative bias) 
resulted in a very large photoconductive effect, as was ex- 
pected. Reversing the bias caused a sharp decrease in photo- 
conductivity. The response of the point contact photodiode 
was compared with a 929 phototube (red sensitive) and a 919 
phototube (violet sensitive). It was found that the photodiode 
has a faster response time for this particular light flash, under 
the same external circuit time constant (0.01 microsecond), 
than either of the above phototubes or the polycrystalline 
sample. 


E7. A New Photoelectromagnetic Effect in Germanium and 
Silicon. MANUEL CARDONA AND WILLIAM Paul, Harvard 
University.—The quadratic P.E.M. effect observed by Kikoin 
and Noskov in cuprite has been observed in germanium and 
silicon. The effect occurs when the magnetic field B is rotated 
an angle ¢ about an axis lying in the illuminated face and 
perpendicular to the primitive direction of B. The linear 
effect is produced by the component Bcos¢@ of B, while the 
quadratic effect is produced by the action of Bsing on the 
electric current generated by Bcos¢. From this elementary 
argument the quadratic P.E.M. effect should be proportional 
to B*sin¢cos¢. A part of the effect is produced by the action of 
a magnetic field on a current produced by the action of a 
magnetic field on the diffusion current of the injected carriers. 
Calculating this term, one finds the same type of average of 
the collision time as appears in the magnetcresistance co- 
efficients. Consequently, the effect becomes anisotropic and, 
instead of being proportional to B*sin2¢, is proportional to 
B*[sin(26+A)+g] where A and g are functions of the con- 
stants of the semiconductor and the orientation of the sample. 
For certain simple orientations (such as the crystallographic 
axes) A=0 and g=0. The ratio of the quadratic to the linear 
P.E.M. fields is, for small light intensities, a function only of 
the Hall angles, the magnetoresistance coefficients of electrons 
and holes, the impurity concentration, and the magnetic field. 


E8. Low-Temperature Oscillatory Magneto-Absorption 
Under High Resolution.* S. ZwWERDLING, B. Lax, anp L. 
Rotn, Lincoln Laboratory.—The fine structure of the oscilla- 
tory magneto-absorption of the direct transition in germanium 

theoretically! has been observed experimentally. 
The experiments were carried out using magnetic fields up to 
39 kilogauss, liquid helium temperatures, and an infrared 
grating spectrometer with useful resolving power greater than 
20 000. With unpolarized radiation in the photon energy 
range 0.90 ev to 1.07 ev, approximately thirty absorption 
maxima were observed. Polarized infrared radiation with the 
electric vector first parallel then perpendicular to the magnetic 
field resolved considerable additional structure. The experi- 
mental data will be compared with theory. The application 


of the high-resolution, low-temperature system to other 
magneto-absorption experiments in semiconductors will also 
be discussed. 


* The research reported in this document was supported jointly by the 
Army, Navy, and Air Force under contract with the Massachusetts Insti- 
tute of Technology. 

x. 2, 141 (1957). 


1 Roth, Lax, and Zwerdling, Bull. Am. Phys. S 


E9. Magnetoresistance Symmetry Relation for N-Ger- 
manium. CoLMAN GOLDBERG AND W. E. Howarp,* Westing- 
house Research Laboratories.—If electrons are located in valleys 
that have rotational symmetry about the (111) axes in 
k-space and if there is no longitudinal magnetoconductance 
along the principal axes of a valley, the magnetoresistance 
coefficients should obey the symmetry relation c/b= —1.00. 
Careful magnetoresistance measurements on n-germanium in 
the temperature range 77°K to 300°K indicate that the 
relation is obeyed for carrier concentrations as high as 10'* 
cm~ in contrast to previous measurements'* which showed 
significant deviations from the symmetry relation for samples 
in the 10'5 range at 77°K. Glicksman! has reported c/b =~ +2 
for a carrier concentration of 5 x 10"* but the present measure- 
ments indicate that while deviations from the symmetry 
relation are observed at 77°K for samples in the range from 
10'* to 10", c/b is always negative with an absolute value 
greater than unity. The values of the magnetoresistance 
anisotropy parameter determined from these magnetoresist- 
ance measurements are in agreement with values previously 
obtained from magnetoconductance measurements.? 

* Present address: Physics Department, Harvard University 


1M. Glicksman, Bull. Am. Phys. Soc. Ser II, 2, 142 (1957). 
2 C. Goldberg, Phys. Rev. (to be published). 


E10. Oscillatory Magnetoresistance in Mono- and Poly- 
crystalline InAs. R. J. SLADEK, Westinghouse Research Labora- 
tories—Oscillations in the electrical resistivity of m-type 
InAs' resulting from longitudinal or transverse magnetic 
fields have been measured in both a single crystal sample 
(n =7.6 X10" cc) and a polycrystalline sample (n ~2.8 x 10"* 
cc) at temperatures between 1.25°K and 20.2°K. Field 
strengths up to 29 000 gauss were employed. The occurrence 
of the effect in the polycrystal is a confirmation of the spheric- 
ity of the conduction band. In both samples the oscillations 
caused by transverse fields are similar to, but of larger ampu- 
tude than, those caused by longitudina! fields. The nodes of 
the oscillations are periodic in reciprocal field strength. The 
observed period in each sample agrees with that calculated 
from the electron concentration determined by Hall effect 
measurements. The amplitude of the oscillations in an 
exponential function of —1/B, where B is the magnetic field 
strength.! The temperature dependence of the amplitude of 
the oscillations in the single crystal fits the function x/sinkx,? 
where x=2r°kThw and w=eB/mc, for an effective mass, 
m=(0.02m,; the temperature dependence of the oscillations 
in the polycrystal agrees approximately with this function. 

1H. P. R. Frederikse and W. R. Hosier, Bull. Am Ser IT, 2, 


347 (1957). 
2 P. N. Argyres, J. Phys. Chem. Solids 


Phys. Soc 


(to be published 
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EA2. Magnetic Properties of Praseodymium Ethylsulfate 
at Low Temperatures. Horst Mever,* The Clarendon Labora- 
tory, Oxford (introduced by R. V. Jones).—The magnetic 
susceptibility of praseodymium ethylsulfate single crystals 
has been determined below 1°K using a single crystal of 
cerium magnesium nitrate as a thermometer. The praseo- 
dymium salt was thermally connected to the thermometer 
by silver strips. A separate series of experiments on tempera- 
ture equilibrium and thermal transfer between a para- 
magnetic salt and a silver ribbon were carried out and it was 
shown that under our experimental conditions direct tempera- 
ture measurements could be made down to about 0.09°K. 
The lowest level of Pr** in the ethylsulfate is not a Kramers’ 
doublet but its small splitting follows a two-dimensional 
Gaussian distribution. Our measurements showed that 
between 1.2 and 4.2°K the susceptibility follows Curie’s law 
with a value of g;,:=1.56. By fitting the theoretical curve to 
the experimental one below 1.2°K, the most probable splitting 
was found to be Ao/k=0.5°K, which is close to the value 
obtained from specific heat measurements.* 

* Now at the Division of Engineering and Applied Physics, Harvard 
aT eM Baker and B. Bleaney, Proc. Phys. Soc. (London) 68, 936 (ass). 


? Horst Meyer and P. L. Smith, Proc. of the Sth Low Temp. C 
(Madison, 1957). 


EA3. Galvanomagnetic Properties of Ga Single Crystals at 
Helium Temperatures.* J. Yania AND J. A. Marcus, North- 
western University Measurements of the Hall effect and 
magnetoresistance have been continued on two “thick” 
crystals (~0.7 mm thick) for which the alignment of the 
crystallographic axes with the current and field is within 2°. 
Table I gives the Hall coefficients obtained for these crystals. 











Tage I. 
Crystal Orientation of J,B Ask AiseKiemy ArroK(emu) Ast9°K(emu) 
p279°K 
ba «=: Ji-axis, Bija-axis 3.52X10 —119X10% -62X10% -43X107 
& Jicaxis, Bibaxis 3.26X10% —-118X10*% —5.9X10% 








As for crystals ac'* and abd,’ oscillations of the de-Haas 
v. Alphen type were observed in the magnetoresistance and 
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the Hall coefficient at 10kg and 1.4°K. The oscillations were 
roughly periodic in 1/B and in phase for crystal ba. An 
average period for these oscillations is 15X10-7G~. For 
crystal cb the oscillations in oresistance were periodic 
in 1/B with period 25x10-7G~. The oscillations in Hall 
Coefficient were too small to warrant a good estimate of their 
period or phase relation to the magnetoresistance oscillations. 
ee A the eg Science Foundation. 
Marcus, Bull. Am. Phys. Soc. Ser. II, 2, 184 (1957). 


A. Marcus, Proc. Sth Internatl. Conf. on Low Tempera- 


ture Pet and Chem. (August, 1957) (to be published). 


EA4. Specific Heat of Zinc in the Normal and 

ducting States.* G. Seme: anp P. H. Keesom, Purdue 
University.—The specific heat of zinc has been measured in the 
temperature range from 0.4°K to 4.2°K, temperatures below 
1°K being obtained by pumping on a bath of He*. Results 
above the superconducting transition temperature of 0.90°K 
yield @=302°K and y=0.63 millijoule/mole (°K)? which 
agree quite well with previous work. Below 0.7°K the elec- 
tronic heat can be represented by an equation of the form 
Cus =10yT.e* 4(Tc/T). The constants in this equation are 
comparable to those found for vanadium' and tin.* For 
determining the electronic specific heat in the superconducting 
state zinc has the advantage that below the transition tem- 
perature the lattice specific heat is less than 4% of the total. 
However, because of the low transition temperature, values 
of T./T could be obtained only up to 2.2. The measurements 
indicate the magnitude of the discontinuity in the specific 
heat at the transition temperature to be 0.74 millijoule/mole 
(°K) whereas the value calculated from the slope of the 
threshold field curve’ yield 0.97 millijoule/mole (°K). 


een menneenee te 0 Rae f 


contract. 
Pe ed Goodman, Satterthwaite, exler, Phys. Rev. 102, 656 


? Corak and Sattestinnaion, peal toma fg Fn Rev. aan 662 (1956). 
3 Goodman and 594 (1951). 


EAS. Coherent Excited States in the Theory of Super- 
conductivity. P. W. ANDERsoN, Bell Telephone Laboratories.— 
We discuss here two types of coherent excited states in the 
Bardeen, Cooper, and Schrieffer' theory of superconductivity. 
The first type is vital to the understanding of the Meissner 
effect and its gauge invariance. They are the states generated 
by the momentum displacement operator 2,exp(iq-r,), and 
may be described either as excited Cooper pair states* with 
nonzero momentum or as plasma oscillations. We show that 
without taking into account long-range Coulomb forces they 
lie in the energy gap; with plasma effects they become the 
plasma oscillations, with equations of motion unaffected by 
the energy gap. Our discussion clarifies both the difference 
between the insulator and the superconductor, and the 
reason for the B.C.S. g=0 pairing condition. The second type 
certainly lies in the energy gap. They follow from a discussion 
of the B.C.S. reduced Hamiltonizn in terms of an equivalent 
spin Hamiltonian. They might be described as vibrational 
modes of the sea of g=0 pairs. The semiclassical nature of the 
B.C.S. solution and the reason for its accuracy are made 
clear by this discussion. 
es. 5 seed esstoabi Phys. 


1 Bardeen, and Schrieffer, an & 
Rey. ‘te be poblened We shall cali this B. C. S. hereaf 
2L. N. Cooper, Phys. Rev. 104, 1189 (1956). 


EA6. Cryostat for Nuclear Polarization.* H. Marsnak, C. 
A. Reyno.ps,t F. J. SHore, anp V. L. Sartor, Brookhaven 
National Laboratoery.—A large cryostat has been constructed 
for the polarization of nuclei by the brute force method The 
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system employs two stages of adiabatic demagnetization with 
superconducting heat switches linking the various components. 
This permits recycling of the stages allowing continuous 
operation of the sample at low temperatures for relatively 
long periods of time. Liquid nitrogen cooled solenoids provide 


the necessary magnetic fields. Design parameters and initial 
performance characteristics will be discussed. 


* Work performed under the auspices of the U. S. Atomic Energy 
Commission. 


+ Guest Scientist from the University of Connecticut 


Invited Paper 


EA7. Excitation of Rotons in Helium II by Cold Neutrons. H. Patevsky, A. B. Atomenergi, Stock- 
holm (guest scientist from Brookhaven National Laboratory). (30 min.) 





WEDNESDAY AFTERNOON AT 2:00 


Panel Room 


(RICHARD WILSON presiding) 


Invited Paper 


Fl. Experiments with Polarized Neutrons and the Optical Model of the Nucleus. H. H. BarscHat, 


University of Wisconsin. (30 min.) 


Neutron Physics II 


F2. Total Neutron Cross Sections of C'? and C'*. H. B. 
WILLARD, J. K. Barr, anp H. O. Conn, Oak Ridge National 
Laboratory.—Levels observed in the C'*(d,p)C™ reaction' 
indicate that resonances could appear in the total neutron 
cross section of C” at 2.73 and 2.80 Mev. Measurements in 
this region have been made with good geometry and 5 kev 
energy resolution. The data obtained do not deviate by more 
than +0.2 barn from the average value in this region. 
Levels in C™ have not previously been investigated by means 
of the C¥%+n interaction. Barium carbonate, enriched to 
61.7% in C#, was converted to elemental carbon. Samples 
sufficiently large for transmission measurements were prepared 
by pressing the amorphous carbon into a thin-walled nickel 
can. Total neutron cross sections from 0.2 to 3 Mev were 
obtained by experimental subtraction with a duplicate nickel 
can containing an equivalent amount of C®. The nonresonant 
cross section decreases smoothly from about 3 barns at 0.2 
Mev to 1 barn at 3 Mev. With an average resolution of about 
7 kev, only three resonances were observed. These occurred 
at 1.75 Mev, width 25 kev, and 2.43 Mev and 2.45 Mev. The 
latter levels interfere strongly, the widths being the order of 
15 kev. 


1 McGruer, Warburton, and Bender, Phys. Rev. 100, 235 (1955). 


F3. Neutron Strength Functions for Iodine from Fast Neu- 
tron Capture Cross Sections.* P. A. MoLDAUER, Argonne 
National Laboratory.—The capture cross section of iodine for 
neutrons of 10 to 600 kev has been calculated by averaging 
over Breit Wigner resonances. Low energy experimental data 
were used for the radiation and s-wave neutron widths and 
the Lang and LeCouteur formula for the level spacings. The 
remaining parameters were adjusted to fit experimental 
capture cross sections at 25 kev' and in the hundred kev 
region.? The fit in the latter region was consistent with the 
assumption of equal inelastic and elastic strength function 
for equal / values. Fitting the 25 kev cross section led to the 
following results for the relative magnitudes of the s, p, and 
d wave strength functions: S,~0.25S,, Ss25S,. The latter 


agrees qualitatively with the prediction of a d wave resonance 
by the complex well model. 


* Work performed under the auspices of the U. S. Atomic Energy 


Commission. 

1 Macklin, Lazar, and Lyon, Phys. Rev. 107, 504 (1957 

2? Martin and Taschek, Phys. Rev. 89, 1302 (1953) and Supplement Nv 1 
to BNL 325 (1957) 


F4. Resonances in the Total Neutron Cross Section of 
Neon. H. O. Conn anv J. L. Fow.er, Oak Ridge National 
Laboratory.—The total neutron cross section of neon of natural 
abundance was measured for neutron energies from 0.8 to 
1.9 Mev by a transmission experiment. Li’(p,”)Be’? neutrons 
were produced at a Li rotating target with protons from the 
ORNL 5.5-Mv Van de Graaff. The detector was a 1-atmos- 
propane recoil counter. A 39 in. long and j in. diameter thin 
walled (7s in.) stainless steel tube filled to 1200 Ib/in.* neon 
gas served as the scattering sample. A similar tube, but 
evacuated, was used to correct experimentally for the effect 
due to the stainless steel. The resulting cross-section curve, 
corrected for the second group neutrons from the Li’?(p,")Be’ 
reaction, together with angular distribution measurements! 
shows resonances at the following energies (in Mev) with 
tentative spin and parity assignments given in parenthesis: 
0.91 (3/2—), 1.27 (?), 1.31 (1/2—), 1.37 (3/2+), 1.62 (3/2-), 
1.68 (3/2+), and 1.85 (?). 


1H. O. Cohn and J. L. Fowler, Bull. Am. Phys. Soc. Ser. II, 1, 175 (1956). 


FS. Inelastic Neutron Scattering in Mn**.* M. A. Rorn- 
MAN, D. M. VAN Patter, N. NaAtu,t AND C. E. MANDEVILLE, 
Bartol Research Foundation—A 100-channel pulse-height 
analyzer and a slow-fast coincidence circuit has been used to 
observe gamma-gamma coincidences arising from inelastic 
neutron scattering in Mn**, using neutron energies up to 2.5 
Mev. Gamma rays of energy 0.848+0.008, 1.165+0.015, 
1.41+0.03, 1.78+0.02, and 2.31+0.02 were found in coin- 
cidence with the 128-kev gamma ray from the first excited 
state. It was found that effects of multiple neutron scattering 
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produced coincidences between the gamma rays from Mn 
and those from the iodine of the scintillator. Precautions 
taken to avoid these effects will be discussed. 


* Assisted by the U. S. Atomic Energy Commission. 
t On leave of absence from the University of Delhi. 


F6. Total Neutron Cross Section Measurements of Ca, Sr, 
Na, and K.* E. H. Maciesy, Phillips Petroleam Company.— 
Total neutron cross section measurements have been made on 
Sr, Ca, Na, and K, with the Materials Testing Reactor 
crystal spectrometer and fast chopper. Pure metallic samples 
were prepared for the measurements on Ca, Na, and K. 
Carbonate and nitrate samples were usec {or the Sr measure- 
ments. Data were taken in the energy region 0.02 to 10000 
ev. Previously unreported resonances are observed in Sr at 
approximately 660 and 750 ev, with indication of resonances 
at 1050 and 3200 ev. One and possibly two resonances are 
observed in the vicinity of 1000 ev in Ca. Some structure is 
observed in K between 1000 and 10 000 ev. 


* Work performed under the auspices of the U. S. Atomic Energy 
Commission. 


F7. Neutron Velocity Spectrometer Results Using a 2000- 
Channel Analyzer.* J. S. Desjarpins, J. Rosen, E. Met- 
KONIAN, L. J]. RAINWATER, AND W. W. Havens, JR., Columbia 
University.—Self-detection and transmission measurements of 
Ta, Cd, and NaBr have been made using the new 2000-channel 
analyzer. Measurements were taken with detector gate widths 
of 0.2 usec and 0.1 ysec using the regular path length of 35.22 
m. With these detector gate widths the resolution is better 
than 0.01 and 0.005 ysec/m for the higher energy neutrons. 
Results obtained with this apparatus are being analyzed 
using the IBM 650 computer, and the results of this analysis 
will be presented. 

* This work was partially supported by the U. S. Atomic Energy Com- 
mission. 


F8. Identification of Level Spins by Total Cross-Section 
Measurements.* R. E. Curien anp R. L. ZIMMERMAN, 
Brookhaven. National Laboratory.—The spins of virtual levels 
in the compound nucleus, excited by S-wave neutrons, can 
be inferred from area or shape analysis of total neutron 
cross-section data under certain favorable conditions. These 
conditions are met in a level whose neutron width, I, is 
comparable or larger than its radiation width, l',. A thick-thin 
area analysis gives f and gI,. If an approximate value for 
ry is known, and if I, for the level is sufficiently large, then 
g may be determined by a comparison of [—Iy, with gI,. 
Several levels in the target nucleus W'"(J=4) have been 
examined with this technique. Preliminary analysis of the 
data for two target thicknesses give g=0.21+0.10 for the 
46-v level and g=0.80+0.42 for the 27-v level, indicating 
J=0(g=}) and J=1(g=}), respectively. Analysis of more 
data is proceeding in an attempt to reduce the quoted error 
and extend the method to other levels. 


* Work performed under contract with U. S. Atomic Energy Commission. 


F9. Nuclear Radius from Potential Scattering of Neutrons.* 
K. K. Sets, D. J. HuGues, R. L. ZomerMan, anv R. C. 
Gartu, Brookhaven National Laboratory.—The potential 
scattering cross section has been measured for a number of 
elements whose atomic weights range between 64 and 238. 
Each value was obtained by subtracting the effects of nearby 
resonances from a total cross-section measurement made 
between resonances in the energy region where resonances 
are clearly resolved. In some cases the value of the potential 
scattering cross section obtained in this way was compared 


with the value obtained by an averaging method in the kev 
region. The latter method makes use of the fact that, for a 
thick sample, all resonance neutrons are eliminated from the 
beam, and a further increase in the thickness attenuates the 
beam by potential scattering only. There was consistent 
agreement in the cases in which both methods were employed. 
An earlier comparison to calculations with the Feshbach- 
Porter-Weisskopf optical model assuming spherical nuclei 
showed that there were qualitative discrepancies around 
A=160. Chase, Wilets, and Edmonds have recently had 
better success in explaining these experimental results using 
the optical model and the measured nuclear deformations and 
have found that the nuclear radius varies with atomic weight 
in a more complicated way than was predicted originally. 


*Work performed under contract with the U. S. Atomic Energy 
Commission. 


F10. Neutron Strength Functions.* R. L. ZimMERMAN AND 
D. J. HuGues, Brookhaven National Laboratory.—The neutron 
strength function, I,/D, has been measured for a number of 
elements and isotopes with atomic weights ranging from 90 
to 238. The values were obtained with the BNL fast chopper 
both by detailed resonance analysis and by an averaging 
method in which a measurement of the average cross section 
in the kev region yields the strength function directly. In the 
individual cases where both methods were employed, the con- 
sistent agreement shows that the strength function measured 
in the kev region is the same as that measured at the relatively 
low energies where levels can be resolved. Neutrons of higher 
angular momenta are not expected to contribute significantly 
to the cross section in the energy regions we have considered. 
Special emphasis was given the measurements on rare earth 
elements for which it is expected that nuclear deformation 
will cause the strength function values to vary with atomic 
weight in a more co’ licated way than was first predicted 
by the Feshbach-Porter-Weisskopf “cloudy crystal ball” 
model assuming spherical nuclei.! The results will be compared 
with recent calculations by D. M. Chase and L. Wilets in 
which the nuclear deformations are taken into account. 


* Work performed under contract with the U. S. Atomic Energy Com- 
mission. 
! Feshbach, Porter, and Weisskopf, Phys. Rev. 96, 448 (1954). 


Fill. Second-Order Contamination in a Neutron Crystal 
Spectrometer.* R. Haast anv F. J. SHore, Brookhaven Na- 
tional Laboratory.—The beam obtained in the Bragg re- 
flection of neutrons from a crystal lattice is not monochromatic 
because of the presence of higher order reflections. These 
may be minimized by proper choice of crystal type and 
planes, yet even under the most favorable conditions an 
appreciable contamination results. This residual contamina- 
tion requires corrections to be made for precise cross-section 
measurements or determination of incident neutron spectrum. 
Holm! has treated theoretically the second-order reflectivity 
from a crystal. However, there has been no adequate experi- 
mental verification published. Results of the experimental 
determination of the second-order contamination from 0.1 ev 
to 5 ev for Be and NaCl crystals will be reported. These 
results are consistent with Holm’s calculations if the pile 
spectrum, counter response, and crystal reflectivity are pro- 
perly considered. This allows one to calculate the second- 
order contamination when pile spectrum changes are made. 
Cue a ens Sei Scr S. Atomic Energy 

t Guest <= rom Technische Hochschule, Munich. 

1M, W. cin, Scattorina of How Mastrene ty Sa end Maly Cryetaty, 
IDO 16115, AShillige Petroleum Company. 
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WEDNESDAY AFTERNOON AT 2:15 
Terrace Room 
(L. M. Coruiss presiding) 
Division of Solid-State Physics 


Gl. Electron-Diffraction Studies of Single Crystals. J. A. Iners, Shell Development Company. 


(30 min.) 


G2. Intensities in Electron-Diffraction Patterns from Crystalline Materials. Lorenzo STURKEY, 


Dow Chemical Company. (30 min.) 


G3. Single-Crystal Neutron-Diffraction Studies of Antiferromagnetism at Low Temperatures with 
Applied Magnetic Fields. W. C. KoEHLER, Oak Ridge National Laboratory. (30 min.) 

G4. Antiferromagnetic Structures and Related Domain Properties As Studied by Neutron-Diffrac- 
tion Techniques at Low Temperatures. M. K. Witkinson, Oak Ridge National Laboratory. (30 min.) 





WEDNESDAY AFTERNOON AT 2:00 
Grand Ballroom 


(H. M. Fovey presiding) 


Theoretical Physics Il: Particles 


GAl1. Universal Fermi Interaction and Radiative Beta De- 
cay of the Pion.* E. C. G. SupaRsHAnf AND R. E. MARsHak, 
University of Rochester—We have shown! that the imposition 
of the requirement of chirality invariance on the four-fermion 
interaction Hamiltonian yields the unique axial vector (A) 
plus vector (V) universal Fermi interaction. All of the parity 
breakdown experiments in beta decay and muon decay can 
be explained by the A+V interaction by reversing the 
helicity of the neutrino, including the recent experiment on 
the electron polarization in muon decay.? Another test of this 
theory is provided by the radiative beta decay of the pion. 
The A+YV interaction leads to a convergent transition 
probability for this process, namely 80 sec. This value is 
completely consistent with the latest experiment.* Our con- 
clusion differs from that of Treiman and Wyld‘ and hinges on 
whether the electron-neutrino angular correlation experiment 
for He® is in error. 

* 

th JE Ses past by a. U. S. Atomic Energy Commission. 

1E. C. G. Sudarshan and R. "E. Marshak, Proc. of Padua-Venice Con- 


erence, September, 1 
> Culligan, Frank, Holi, Kluyver, and Massam, University of Liverpool 


$ PF tay etn Wrmal P: Pe (London) 70, 
2 1 
B. Treiman and H. W. Wyld, Phys. Rev. 101, 1552 (1956). 


GA2. Symmetry Principle for the Four-Fermion Inter- 
action.* S. A. BLupMAN, University of California, Berkeley.— 
The hypothesis of a universal form of interaction fy,y,(1+~7s) 
xv +y7s)¥ between any four fermions (with or without 
precise equality of the coupling constants in 8 and yw decay) 
is now, thanks to recent experiments, more promising than 
ever before. In the absence of strong meson interactions and 
of fermion mass, a theory involving only the foregoing inter- 
action and the electromagnetic interaction e¥y,~A, would 
admit the gauge transformations ¥—exp[taf(1+~7s) ]y on all 
Fermi particles. This symmetry principle would lead to a 
conservation law for fermions and the exact equality of the 
coupling constant in all four-fermion processes. The role of 
the strong mesonic interactions, which distinguish baryons 






















from leptons, and to which in this picture the fermion mass 
is attributed directly or indirectly, is discussed. In particular, 
the questions of an absolute lepton-conservation law and of 
a universal strength of interaction g=f* are considered. 


* This work was performed under the auspices of the U. S. Atomic 


Energy Commission. 


GA3. Single Particle Energies in Brueckner’s Nuclear 
Matter Theory.* D. J. THouress, Cornell University —The 
removal of one particle with momentum kr from nuclear 
matter at constant volume alters the reaction matrix used in 
Brueckner’s calculations. An expansion of this change can be 
made, which with neglect of three particle clusters gives 


(kik | 5G | ki ks) = | (k,k:|G|kpks)|* 
{E(kr) +E(ks) —E(k:) —E(k2)}-, 


where k,, kz are inside the Fermi sea, k; is outside it and kr 
is on the Fermi surface; momentum is conserved by the G 
matrix. The sum over all k;, kz gives a positive correction to 
the energy independent of the volume. This may account for 
the difference between the average energy per particle and 
the Fermi energy; they should be equal at equilibrium 
density,? but differ by about 10 Mev in Brueckner’s calcula- 
tions. The effective mass will be raised by this correction. 

* Supported in part by the joint program of the Office of Naval Research 
and U. S. Atomic Energy Commission. 

1K. A. Brueckner and J. L. Gammel, Phys. Rev. 105, 1679 (1957), and 


priv ate communications. 
2H. A. Bethe, Phys. Rev. 103, 1353 (1956). 


GA4. A-Nucleon Interaction in the Hypertriton. B. W. 
Downs,* Cornell University, AND R. H. Datitz, University of 
Chicago.—An upper bound for the strength of the A-nucleon 
interaction effective in the hypertrition is found by a varia- 
tional method, as function of the A binding in the hypertriton. 
The six-parameter trial function used has sufficient flexibility 
to allow strong correlations between the particles while 
having an asymptotic form appropriate to the weak binding. 
The upper bounds obtained are of order 10% lower than 
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those obtained earlier'* with a Feshbach-type wave function 
and are not compatible with the existence of a bound hyper- 
deuteron unless the spin dependence of the A-nucleon inter- 
action is very much stronger than other evidence indicates.* 
The existence of 4He; is also incompatible with these upper 
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bounds. Features of the two-body decay of the hypertriton 
will also be discussed on the basis of this wave function. 
the Sete eoepees of tie Client Bond Rement end te 


VU. ‘. io Atomic 
1 Am Phys. Soc. Ser. 3s 2, td (1957). 


1B. W. Downs, 
*R. H. eae nets. Poca.’ ys. 20, 163 (1 


Invited Papers 
GAS. The Nucleon-Antinucleon Interaction. G. F. CHew, University of California, Berkeley. 


(30 min.) 


GA6. Theory of Heavy Ion Nucleon Transfer Reactions. Grecory Breit, Yale University. (30 min.) 


WEDNESDAY AFTERNOON AT 4:45 


Terrace Room 


(H. D. Smytu presiding) 


Business Meeting of the American Physical Society 


THURSDAY MORNING AT 9:45 


Boston-Washington Room 


(S. MILLMAN presiding) 


Nuclear Moments: Nuclear Resonances 


H1. Nuclear Spin and Hyperfine Structure of 2.6-hr Mn*.* 
W. J. Curcps anp L. S. GoopMan, Argonne National Labora- 
tory.—The atomic beam magnetic resonance technique'* has 
been used to measure the nuclear spin and hyperfine structure 
of 2.6-hr Mn**. The nuclear spin is found to be 34. The 
sample was prepared by neutron capture in the Argonne 
research reactor. Nonradioactive gallium metal, mixed with 
the manganese in the oven, was used both for alignment of 
the beam and for calibration of the homogeneous magnetic 
field. 

* This work performed under the auspices of the U. S. Atomic Energy 
Commission. 


. R. Zacharias, Phys. Rev. 61, 270 (1942). 
. 8. Goodman and S. Wexler, Phys. Rev. 99, 192 (1955). 


H2. Nuclear Spin and Hyperfine Interaction of Radioactive 
Ga"™.* L. S. GoopMAN AND W. J. CuiLps, Argonne National 
Laboratory.—The nuclear spin and hyperfine interaction of 
14.1-hr Ga™ have been measured by the atomic beam magnetic 
resonance method.!# The measured spin, J =3# and hyperfine 
interaction, Av = 144.8+0.8 mc/sec allow one to calculate an 
apparent magnetic moment |u| =0.12 mm. Some interesting 
details of the observed resonances will be discussed. 

* This work performed under the auspices of the U. S. Atomic Energy 
Commission. 

61, 270 (1942). 


R. Zacharias, Phys. Rev. 
% Goodman and S. Wexler, Phys. Rev. ‘99, 192 (1955). 


H3. Quadrupole Coupling of Solid Cyanogen Chloride.* P. 
A. CASABELLA AND P. J. Bray, Brown University.—The 
nuclear quadrupole resonances of N™ and Cl** have been 
observed in solid CICN. At 77°K the N™ coupling constant is 
3.219 Mcps and the field gradient asymmetry parameter is 
1.57%. The Cl** coupling constant is 83.472 Mcps, also at 


77°K, assuming that the asymmetry parameter is zero. In 
the course of the study of the N™ resonances a detailed study 
was made of the shape of the negative wings which occur 
when Zeeman modulation and phase sensitive detection are 
used. The shape of these wings can reveal whether two 
resonances are due to two nonequivalent positions of the 
N* nuclei, or one position with a nonzero asymmetry parame- 
ter. A theoretical expression has been derived for the shape 
of the wings which agrees with the observed shape. The 
coupling constants of the Cl** and N™ nuclei were interpreted 
in terms of hybrid structures which had been used for BrCN! 
and ICN,? but these gave unsatisfactory results. An additional 
ionic hybrid structure has been added and found to give 
satisfactory results for CICN, BrCN, and ICN. 

* Work supported by a Frederick Gardner Cottrell Grant from the 
Research tion. 

779 (1955). 


corpora’ 
1S. Geller and A. L. Schawlow, J. Chem. Ph 
2C. H. Townes and B. P. Dailey, J. Chem. Phys. 20, 35 (1952). 


H4. Nuclear Magnetic Resonances of B'' and Li’ in the 
Binary Glass Li-O-B,O,.* A. H. St-ver,t J. G. O’KEEFE, AND 
P. J. Bray, Brown University—A previous study' by nuclear 
magnetic resonance methods of B" in a Na:O-B,O, glass 
has been extended to a similar _study of the binary glass 
LisO—B,O,. The nuclear resonances of BY oe Li’ 
have been studied in lithium oxide-boric oxide glass as a 
function of the Li,O concentration. The spectrum for the B™ 
consists of a narrow line superimposed on a broad line spec- 
trum which arises from the distortion of the m=}—-—} 
transition by a second-order quadrupole interaction. The 
relative intensity of the narrow line increases from zero in 
100% BO; and the intensity of the broad line decreases with 
an increase in LigO concentration. The width of the broad 
resonance does not change measurably with composition. 
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Excess oxygen from the LigO changes the coordination number 
of some of the boron atoms from 3 to 4, reducing the quadru- 
pole interaction in these cases and producing the narrow line. 
The Li’ resonance also has observed. Preliminary 
investigations have shown only a single symmetric line. 


* Research su suoperted te Se U. a 


t Present Compan 
4 Silver, O'Keefe, and Bray, Bull. Am. ~~ Soc. Ser, II, 2, 225 (1957). 


HS. Nuclear Magnetic Resonance Siudies of Pile-Irradi- 
ated NaI and KI.* P. J. Bray anp Joun F. Hon,t Brown 
University.— Nuclear magnetic resonance (NMR) studies have 
been made of Nal and KI single crystals both before and 
after irradiation in the Brookhaven reactor. The numbers of 
defects (vacancies plus interstitials) estimated from the 
decrease o1 intensity of the I? line in Nal and KI crystals 
which received an integrated fast neutron flux of 4.110" 
nvt at room temperature (or somewhat above) are: Nal, 
3.7X10-* defect/atom; KI, 2.3X10-* defect/atom. The 
values predicted by the methods of Seitz and Koehler! are 
8.2X10-* and 5.6X10~* defect/atom, respectively. No 
radiation-induced change in the Na* resonance is discernible. 
The defect density from the I"*? data may be underestimated 
due to overlapping of the volumes affected per defect. Some 
degree of annealing is probable. The defect density estimated 
from the intensity decrease of the I’ line in KI crystals 
which received an integrated fast neutron flux of 2.010" 
nvt at 0°C (or somewhat below) is 3.5 x 10~ defect/atom. A 
value of 2.8 10~* defect/atom is predicted by the methods 
of Seitz and Koehler.' 


supported by the U. S. Atomic Energy Commission. 


t Now os ‘Atomics In § 
IF, J. Ss. , Solid State Physics (Academic Press, Inc., 
New York, 1956), Vol. II. 


H6. Nuclear Magnetic Resonance and Dislocations in Nal 
and KI.* Jonn F. Hont anv P. J. Bray, Brown University.— 
A study of the intensity of the I'*’ nuclear magnetic resonance 
line in single crystals of Nal’ and KI' as a function of the 
orientation of the polarizing field, Ho, with respect to the 
crystallographic axes has revealed an anomalous increase in 
intensity when Hp is in a (1,0,0) type direction. In the case 
of Nal the intensity increases by a factor of about 2.4. The 
intensity increase in KI is less pronounced. Theseanomalies can 
be explained by the effects of quadrupole interactions due to 
the strains produced by dislocations. The angular dependence 
of the quadrupolar splitting of the nuclear magnetic resonance 
line resulting from the strains produced by an edge type 
dislocation has been calculated by Watkins.? This calculation 
has been extended to screw type dislocations. The results 
indicate a strong tendency for dislocation lines of both types 
to be preferentially aligned in (1,0,0) type directions. 


* Research supported by the U. S. Atomic Energy Commission. 


t Now at Atomics Ini 
1 These were obtained from the Harshaw Cust Company. 
2G. D. Watkins. Ph. Ph.D. thesis, Harvard University, 1 


H7. Nuclear Magnetic Shielding of F' in Some Fluoro- 
carbons.* T. S. Smit, hio University and Goodyear Atomic 
Corporation, AND E. A. SmitH, Goodyear Atomic Corporation.— 
The positions of the nuclear magnetic resonance lines of the 
various equivalent F® groups in 1,1-dichloro-1,-2,2,2-tetra- 
fluoroethane (CCI,FCF;); 1,2-dichloro-1,1,2,2-tetrafluoroeth- 
ane (CCIF,CCIF;) ; 1,1,2-trichloro-1,2,2-trifluoroethane (CCl.- 
FCCIF;) ; trichlorofluoromethane (CCI,F) ; perfluorodimethyl- 
cyclohexane (CsFis); and 2,2,3 trichloroheptofluorobutane 
(CF;CCI,CCIFCF;) have been measured with respect to the 
F® line of trifluoroethanoic (CF;COOH) acid. The experi- 
mental work was done with a Varian Associates NMR 
Spectrometer Model V4300 A. Calibration was achieved by 
side-band techniques and relative positions were obtained by 
direct substitution of samples during the field sweep. This 





method permitted relative positions of most lines to be 
determined to +1 milligauss. Previous work' has shown that 
the nuclear magnetic shielding constant for F” in fluoro- 
methanes decreases with an increase of the total electro- 
negativity of the molecule. The present work shows a similar 
influence due to the atoms attached to the neighboring 
carbon atom. 

* This work performed under Goodyear Atomic Corporation contract 


with the U. S. Atomic Energy Commission. 
1L. H. Meyer and H. S. Gutowsky, J. Phys. Chem. 57, 481 (1953). 


H8. Temperature Dependence of Nuclear Spin Relaxation 
and Diffusion in Water.* J. H. Srmpsonft anp H. Y. Carr, 
Rutgers University.—The activation energies Eg and Ep of 
nuclear spin relaxation 7; and translational self-diffusion D 
have been obtained for protons in water using nuclear mag- 
netic resonance free precession techniques. These energies have 
been compared with Ey, the activation energy of T/_ where 
T is the absolute temperature and 9 is the viscosity. Er, Ep, 
and Ey are equal and approximately constant in the region 
5-25°C. The three values decrease in the region 35—55°C. 
Er decreases at a rate greater than that of Ep and Ey. In 
the region 65-100°C, Ep and Ey are constant and equal just 
within the experimental error; however Ep, although con- 
stant, has a value 16% less than that of Ey. This difference 
is well outside the experimental error. This information pro- 
vides a basis for re-examination of the theories of liquid 
structure, the Bloembergen-Pound-Purcell theory of relaxa- 
tion, the Stokes-Einstein relation, and various properties of 
water having anomalies near 40°C. 


* This work was supported in part by the U. 8S. Air Force Office of 


Scientific Research and the Rutgers Research Council 
t Now at the University of Delaware 


H9. Reaction Rates by Nuclear Magnetic Resonance.* 
HarpEN M. McConne.t, California Institute of Technology.— 
The Bloch equations are modified to describe the magnetic 
resonance of a nucleus X which is transferred back and forth 
between two (or more) magnetic environments (A,B) by 
kinetic molecular processes. These equations are easily solved 
to give previously derived relations between chemical ex- 
change rate and line shape for the case of slow passage and 
no rf saturation.' Under a number of other limiting conditions 
the modified equations can also be solved to yield useful 
relations between exchange rate and line shape. Limiting 
cases include conditions where, e.g., (a) A is diamagnetic, B 
is paramagnetic with large X hyperfine interaction; (b) there 
is strong X nuclear electric quadrupole relaxation in A but 
not in B; (c) there is rf saturation; (d) there is fast passage. 
Condition (d) has been employed in an experimental study 
of proton exchange rates in aqueous solutions of the am- 
monium ion. 


* Sponsored by the National Science Foundation. 
1 Gutowsky, McCall, and Slichter, J. Chem. Phys. 21, 279 (1953). 


H10. Chemical Shifts of N“ in NMR Spectra of Anumonia 
and Related Compounds.* BERNHARD M. Scumipr, L. Cart- 
TON BROWN, AND DupLeEyY Wriiuiams, The Ohio State Uni- 
versity—The nuclear magnetic resonances of N“ in ammonia 
and related compounds have been studied in a field Hp = 10 730 
gauss. Shifts of the resonances relative to the peak associated 
with N* in the NH,* ions in a saturated aqueous solution of 
NH,NO; have been measured for the following compounds: 
HN,Cl, NH,Br, NH,I, NH,H2PO,, (NH,):S, NH,SO,-ZnSO,- 
6H.O, NH,SCN, ammonium hydroxide, NH; liquid, NH: dis- 
solved in ethanol, Ag(NH;)2NOs, Zn(NH;)sCl, Ca(NHs3)sCla, 
N(CH;),Cl, N(CH;),Br, and NH(CHs)s. Mixtures of am- 
monion salt solutions with ammonium hydroxide have also 
been studied. The relative widths of the resonance peaks have 
been determined. Experimental details are given in the paper. 
The N*™ peak in ammonium hydroxide bears a closer resem- 
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blance to the N™ peaks in liquid NH; and in ethanol solutions 
of NH; than to the N™ peaks in solutions of ammonium salts. 
The structure of ammonium hydroxide is discussed in the 
light of the data presented. 


* Supported by the Office of Naval Research. 


H11. Magnetic and Pure Quadrupole Resonance of N™ in 
Solid Nitrogen.* F. W. TeRMAN AND T. A. Scott, Harvard 
University—The N™ magnetic and pure quadrupole reso- 
nances have been studied in solid Ny. Below 35.4°K the 
crystal is f.c.c.; above it is c.p.h. and the molecules are known 
to rotate. The sample was one liter of nitrogen gas which was 
liquified and frozen in a closed system. A Pound-Watkins 
spectrometer and magnetic field modulation were used. The 
magnetic resonance observed in 7 kilogauss just below the 
triple point was a doublet. Rotation of the sample varied the 
splitting in the expected manner for a single crystal. The 
apparent e*gQ/h is 6.6 kc at 62°K, dropping to 5.4 ke at 
53°K. Below the latter temperature the signal became lost 
in the noise. An intense pure quadrupole resonance was 
observed at 4.2°K. The value of e*gQ/h, 4,650+1 kc, is close 
to that found in other triply bonded nitrogen compounds.’ 
Its temperature dependence is being studied. This strong 
interaction in the fixed molecule is presumably averaged out 
in the high-temperature phase. The residue is ascribable to 
the noncubic symmetry of the nuclear environment. 

* Supported in part by the joint program of the Office of Naval Research 
and the U. S, Atomic Energy Commission. 


! B. Ruhemann, Z. Physik 76, 368 (1932). 
?C. H. Townes and B. P. Dailey, J. Chem. Phys. 17, 782 (1949). 


H12. Nuclear Magnetic Resonance in Adsorbed Molecular 
Layers from 15 to 90°K. R. B. Camppe_t anp N. FuUscHILLo, 
Franklin Institute Laboratories —The investigation previously 
reported' for methane adsorbed on titanium dioxide (15 to 
90°K) has been extended to coverages between one and four 
monolayers (BET). A comprehensive examination of the 
substrate particles by the methods of (a) BET adsorption, 
(b) x-ray diffraction, and (c) electron microscopy indicate 
that the particles are approximately spherical and have a 
mean diameter of 70 A by method (a) and 107 A by method 
(c). Diameters by methods (b) and (c) were in agreement to 
7%, indicating single crystal particles. The disparity between 


the results of (a) and (c) indicates that the N;-BET surface 
area is approximately half of that determined by direct 
observation. This may be explained by adsorption in surface 
defect regions of atomic dimensions'* during the N:--BET 
determination. The NMR line shapes below the A-point 
temperature for CH, show a AH transition from 4.1 to 5.7 
gauss (AH for solid buik methane is 5.7 gauss) at 2.2 mono- 
layers BET. This is also the threshold coverage for the first 
appearance of the A-point discontinuity in the specific heat.* 
A narrow line component? (AH<1.0 gauss) is present at 
T>19°K. 
onl Fuschillo and C. A. Renton, Bull. Am. Phys. Soc. Ser. II, 2, 194 
ra kate al a el PG 
Madison, Wisconsin, 1957. 


H13. Field Dependence of Proton Relaxation in Water 
Near Surfaces. R. J. S. Brown, California Research Corpora- 
tion.—A sample was prepared by crushing large, clear, natural 
quartz crystals in a bronze-jawed (nonferromagnetic) crusher, 
sieving with brass screens, and cleaning with hot oxidizing 
acids and distilled water. Sample in evacuated Pyrex con- 
tainer was baked 18 hr at 500°C. The sand was then saturated 
with oxygen-free distilled water and the sample sealed. An 
electron resonance spectrum on the dry quartz showed no 
sharp g=2 resonance; however, with high resolution and gain 
a faint peak over 1000 gauss wide was seen. Average grain 
diameter was 0.06 mm. 7; and 7; for the protons were 
measured by free precession in the earth's field. 7; was shorter 
than 7; at any relaxation field strength, H,, and also showed 
memory of the strongest field experienced by the sample since 
a demagnetizing cycle, indicating a small magnetic retentivity, 
which, however, did not appreciably influence 7;. The surface 
contribution to relaxation rate (reciprocal time), rz=r (com- 
posite sample)-r(water), is nearly independent of field and 
temperature at fields from 75 to 1500 gauss, where rz=0.24 
sec. At 36 gauss, rg=0.29. At 100°, 51°, 20°, and 1.5°C 
rg at 0.6 gauss is 0.66, 0.66, 0.60, and 0.47, respectively, 
with plots of rg against log H, approximately straight lines 
between 0.6 and 36 gauss. rms scatter of the points is about 
0.025 sec from the broken line described. Both electron and 
proton frequencies at the low fields correspond to correlation 
times longer than for bulk water. 





THURSDAY MORNING AT 9:45 


Terrace Room 


(L. M. LEDERMAN presiding) 


Strange Particles 


HAI. K~ Meson Captures by Bound Neutrons. R. STEPHEN 
WHITE AND Francis C. GILpert, University of California, 
Livermore.—Experimental data is presented for K~ meson 
captures on bound neutrons. The model that was used to 
explain the captures on bound protons has been extended to 
apply to bound neutrons. In this model the average = hyperon 
nuclear potential is determined to be 35210 Mev attractive 
and an estimated 75, 75, 60, and 55% of the = hyperons from 
the reactions 2-x*, E-r*, D°x-, and L*x-, respectively, are 
trapped in bound-energy states. The 2* or 2~ hyperon charge 
exchange cross sections is estimated to be 11(+7,—6) milli- 
barns per neutron or proton respectively in the Ag nucleus. 
The proton-to-neutron K~ capture ratio is found to be 
4(+4,—2). The fraction of K~ captures on neutrons that 
lead to the reaction A°x~ is 0.00(+0.13,—0.00). The results 


indicate that most of the K~ mesons are captured in the 
interior of the nucleus. The data of this experiment are con- 
sistent with the reaction rates of 2:1:1}:0:4:4:0 for E-x*, 
Ute, D°x®, A’, Dox, De, and A°x-, respectively. 


HA2. Detection of K-Meson Type S Events in Cosmic 
Radiation.* H. GURSKY, Princeton University.—A fast counter 
scheme was used in conjunction with a multiplate cloud 
chamber in an attempt to more tly detect K mesons 
produced in cosmic rays. Events were selected only if charac- 
terized by a delay coincidence between two scintillation 
counters; one of which was located within the cloud chamber, 
the other being directly above the chamber. The delay between 
the counter signals was set at 20 mysec and the coincidence 
gate was of 100-mysec duration. The signals were also dis- 
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played on an oscilloscope and photographed. The cloud 
chamber with sensitive volume 18X18 X9 in. was operated 
at an altitude of 10 600 ft under 6 in. Pb. The chamber con- 
tained eight }-in. brass plates representing about 110 kg of 
Cu stopping material. During 2500 hr of sensitive time, 
20000 cloud chamber pictures were taken. Seventy-five 
events were found which, on the basis of the ranges of the 
secondary and the mean life, are interpreted as stopping K* 
mesons. A lifetime analysis of these events is under way. 


Po Snopes ‘ -wdh ~ the joint ; pepe of the Office of Naval Research and 
HA3. of K Mesons from Hydrogen.* B. 


McDanieEL, G. CorTELLEssA,t A. SILVERMAN, AND R. WIL- 
son, Cornell University—The angular distribution for the 
reaction y+p—K+*++A° is being investigated by irradiating 
a liquid hydrogen target with the beam from the Cornell 
synchrotron. Measurements have been made of the K mesons 
produced by 1000-Mev photons at 155° and 90° in the center- 
of-mass system. Further measurements are in progress. It is 
hoped that a more complete distribution will provide infor- 
mation concerning the parity of the K meson. Magnetic 
momentum analysis has been used in conjunction with a 
counter telescope system to detect the K mesons. They are 
further identified by the detection in prompt coincidence 
(510-* sec) of the secondaries emerging from the block of 
aluminum in which the K mesons are stopped. Results 
obtained thus far give a differential cross section of (0.89 
+0.21) X10- cm?/steradian! at 155° and (1.83+0.4) x10™ 
cm?/steradian at 90°. Two hundred K particles were counted 
in the latter measurement and the stated estimate of error 
is in large part due to lack of knowledge of the effective 
aperture of the magnet. Measurements are in progress to 
diminish this uncertainty. 

Fay Rie pe supported in past: Se he ietet grameeen f the Clics of 
Naval Research and the U. S. Atomic & 


ommission. 
t — ~~ Di Sanita, Rome. Vidlting Ful t Fellow. 
Silverman, Wilson, and Woodward, Phys. Rev. (to published ). 


HA4. Charge Exchange of Positive K Mesons.* M. N. 
WHITEHEAD, R. W. BirGe, W. B. Fow er, R. E. Lanovu, anp 
W. M. Powe, University of California, Berkeley —The 
charge exchange scattering of positive K mesons is being 
studied in the 30-in. propane bubble chamber! with particular 
emphasis on the behavior of the neutral 6’s produced in the 
process. A separated K beam? at the Bevatron with a mornen- 
tum of 500 Mev/c and with a r*+/K* ratio of about 20/1 was 
used as a source. A small fraction of the 50 000 pictures that 
were taken has been roughly scanned to date and one 6,° 
decay resulting from a charge exchange in the liquid has been 
found. The rough preliminary scan shows fewer 6,°-type decays 
than predicted on the basis of the emulsion data, assuming 
that 50% of charge-exchange events result in 6;° decays. 

* This work was performed under the auspices of the U. S. Atomic 


Energy Coeeteie. 
1 Powell, Fowler, and Oswald, UCRL-8037 [Bull. Am. Phys. Soc. Ser. II, 


3, 58 $ (1988), this issue]. 
Designed by Donald H. Stork and John Mulvey. 


HAS. Search for Charge Exchange of K Mesons.* R. E. 
Lanov, R. W. Brrce, H. W. Courant,f AND M. N. Wuite- 
HEAD, University of California, Berkeley.—A triggered multiple 
expansion cloud chamber has been used at the Bevatron to 
study the charge exchange of positive K mesons.' Events that 
triggered the chamber were selected from a momentum- 
analyzed K beam by a counter telescope containing scintil- 
lators and Cherenkov counters. The charge-exchange target 
was placed inside the cloud chamber with an anticoincidence 
counter behind it. An estimate based on emulsion data, 
including corrections for geometry, and the assumption that 
one-half the charge-exchanged K mesons decay by the 6,° 
mode suggests that five 6,°, mesons should have been seen, 


whereas none has been found. The conclusion is drawn that 


the charge-exchange cross section is lower than expected. 
* This work was performed under the auspices of the U. S. Atomic 
Energy Commission. 
t Now at Yale University. 
1 Birge, Courant, Lanou, 
(1957). 


and Whitehead, Proc. Venice Conference 


HA6. High-Energy K* Meson Scattering in Nuclear Emul- 
sions.* G. T. ZoRN AND B. Secu Zorn, Brookhaven National 
Laboratory.—The study of K* meson scattering in nuclear 
emulsion has been extended to K energies of 360 Mev. The 
emulsion stacks being examined were exposed in a “‘separated”’ 
K* beam realized at the Berkeley Bevatron. Based on 19.5 m 
of track length in the K energy interval 220-360 Mev, we 
observe a mean free path for inelastic scattering of 424-6 cm. 
This result taken with those previously reported at lower 
energies’ confirms an increasing K-nucleon cross section above 
170 Mev. The inelastic K scatters observed between 220 and 
360 Mev are characterized by a large proportion of events in 
which no charged K particle emerges and which are considered 
as charge exchange events (C.E.); C.E./non C.E.~0.7. This 
is to be compared with that observed at lower energies; 
C.E./non C.E. =0.23(+0.04,—0.03).! Rare events: An ex- 
ample of *~ meson production in a K*-neutron interaction 
at 280 Mev has been observed. Two K*-hydrogen scatterings 
have also been identified. More accurate values for the mean 
free path and further details on the nuclear interaction of K 
particles at these energies will be presented. 

Energy 


* Work carried out under the auspices of the U. S. Atomic 


Commission. 
1 See B. Sechi Zorn and G. T. Zorn, Bull. Am. Phys. Sox 
(1957) and Phys. Rev. (to be published). 
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HA7. Lifetime of the 6. Meson.* M. Barpon, W. Cui- 
NOowsKY, M. Fucus, K. LANDE, AND L. LEDERMAN, Columbia 
University and Brookhaven National Laboratory, AND J. TINLOT, 
University of Rochester and Brookhaven National Lahoratory.— 
Long-lived neutral V events have been observed in the 
Columbia 36-in. cloud chamber exposed to radiation from a 
target at a distance of 18.0 ft when the target is bombarded 
with 3-Bev protons from the Brookhaven Cosmotron. A 
new exposure has recently been made, in which the target- 
to-chamber distance has been increased to 71.5 ft. This cor- 
responds to a mean flight time of 1.2 X 10~7 sec for 6,° particles 
as contrasted with 310-* sec in the earlier exposure. The 
angle made by the line of flight of the neutral beam with the 
incident proton direction was held to 68+1° in both exposures. 
Comparison of the two yields (140 events in the old run, 28 
events in the new run) provides a measure of the mean life of 
the @.°. To determine the relative flux at the target, the 
number of events is normalized to (1) incident proton beam 
intensity, (2) number of neutron-induced stars in the cloud 
chamber gas, and (3) spectrum of energetic protons ejected 
from the thin window by neutrons in the beam. Ail three 
methods lead to agreement and result in a lifetime estimate 
of r(6.°) =7.8(+4.9, —3.2) K10-* sec. Scanning efficiency and 
production spectrum contribute chiefly to the errors which 
are in the nature of limits. 


* This work is supported by the U. S. Atomic Energy Commission. 

HAS. Strange Particle Production in x«*—P Collisions at 
950 and 1300 Mev.* F. Ester, R. PLANo, N. SAMIos, AND 
J. STEINBERGER, Columbia University, anp A. PRODELL AND 
M. Scuwartz, Brookhaven National Laboratory.—Results on 
the angular distribution and total cross sections of the re- 
actions, 

x +P—>A° +, 


x +P—->o +, 
x +P—->-+6", 














SESSIONS 


will be presented, on the basis of approximately 300 events 
obtained in the hydrogen and propane bubble chamber. 


* This work is supported be the U, S. Atomic Energy Commission and 
the Office of Naval Researc' 


HA9. &* Production by @ Mesons.* M. Cresti, F. S. 
CrawrorpD, Jr., M. L. Goop, K. Gortstern, E. M. Lyman, 
F. T. So-mitz, M. L. StEVENSON, AND H. K. Ticuo, University 
of California, Berkeley —Two @ mesons have been observed to 
interact with protons in a liquid hydrogen bubble chamber. 
The interactions yield, in each case, a charged positive particle 
which decays after ~0.3X10~" sec and ~0.2X10™" sec 
respectively. The dynamics of both events are consistent with 
either a K* or a Z* production, but the fast decay in both 
instances is strongly in favor of the =* hypothesis. The 
events show, then, the interaction of a @ meson in its state of 
negative strangeness. The cross section estimated from these 
two events is roughly geometrical. 


* This work was performed under the auspices of the U. S. Atomic 
Energy Comm /ssion. 


HAI10. Associated Production Cross Sections at 1.1 Bev/c.* 
F.S. Crawrorp, Jr., M. Cresti, M. L. Goop, K. Gortstern, 
E. M. Lyman, F. T. Sotmrrz, M. L. Stevenson, anp H. K. 
Ticuo, University of California, Berkeley —Table I summarizes 
the total cross sections (in mb) and the differential cross 
sections (in ywb/sterad) for the reactions *~+p—~a-+K°®, 
x~+p—2°+K°®, and *-+p-+2-+K*. The incident pion mo- 
mentum is 1.1 Bev/c; @ is the center-of-mass angle of the 
hyperon. These angular distributions show more isotropy than 


Taste I. 











de 
Number — =A +B cos +C cos¥(sb/sterad) 
Reaction of wr dQ 
products events (mb) A B Cc 
A+Ke 76 0.4920.11 3227 —44+8 20+16 
2°+Ke 25 0.19+0.04 i+4 325 14211 
=-+K* 121 0.22 +0.03 1222 543 1526 








the data of Glaser et al. at 1.2 Bev/c. The value of the a 
total cross section lends support to the already reported 
trend' that the A total cross section decreases with increasing 
momentum. Additional data at 1.1 and 1.2 Bev/c will be 
presented. 

* This work was performed under the auspices of the U. S. Atomic 
Energy Commission. 

1 Data of the Bologna, Brookhaven, and Michigan Groups, summarized 


at the Seventh Annual Rochester Conference on High-Energy Physics, 
1957. 


HAI11. Photostar Production by 500- to 1100-Mev Brems- 
strahlung.* Cuar_es E. Roos, University of California, River- 
side, AND VINCENT Z. PeTerRsON, California Institute of Tech- 
nology.—Electron sensitive nuclear emulsions were exposed at 
normal incidence to the bremsstrahlung photons produced at 
a series of different synchrotron energies. All stars in the 
exposed area were counted and corrected for measured scan 
efficiency and pre-exposure background. In conjunction with 
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earlier experiments between 200 and 500 Mev' preliminary 
work indicates that the photostar cross section per photon 
sonaiian Seosmuiientilraceeanie tone Manan ae Sir. 
This cross section is obtained by the photon difference method 
and is approximately 30 millibarns per silver nucleus. It may 
be possible to explain photostar production in terms of the 


meson processes is indicated by the continued high level of 
the photostar cross section well past the resonance for free 
nucleon single photomeson production. The very short mean 
free path of pions in nuclear matter (A ~1.2 X10-" cm) which 
was required to fit the data below 500 Mev is in rough 

ment with the values calculated from the optical model.* 


» Tilo wats ne expanries te saree he Sh S. Atomic Energy Com- 


mission and 
$Y. Z. newer. Ee Ree Ph Phys. Rev. 105, 1620 (1957). 
? Frank, ean a Watson, Phys. Rev. 101, 893 (1956). 


HAI2. Decay Modes and Lifetime of = Hyperons. S. C. 
Frepen, F. C. Gmpert, anp R. S. Waite, University of 
California, Livermore.—A systematic study is being made to 
identify the lepton decay modes of the = hyperons 2*+—y*, 
+n+y and +n-+yv. From the K~ capture stars in 
nuclear emulsion stacks exposed to K~ meson beams at the 
Berkeley Bevatron, 42 decays of = hyperons into light charged 
particles have been analyzed. Eighteen of these have been 
identified as =* hyperon decays at rest, 8 as =* decays in 
flight, 6 as =~ decays in flight, and 10 as * decays in flight. 
To date, 14 x mesons have been identified by their character- 
istic endings or interactions in flight. No ~ mesons have been 
identified. The remaining 28 decay prongs did not end in the 
stack and were either x or ~ mesons as identified by Ag vs AR 
and multiple scattering measurements. No electrons have 
been identified. In order to avoid decays at rest the lifetime 
for decays in flight was determined using a cutoff of 5x10-™ 
sec, corresponding to the last 2.2 mm of hyperon path. The 
mean lifetime for 2 hyperon decay in flight into light particles, 
obtained from 15 events, is 4.8(+2.5,—1.0)k10™ sec. This 
low value is in agreement with those obtained by the Wisconsin 
and N.R.L. groups. 


HA13. Search for a Particle of Mass 500 m,.* A. HENDEL, 
P. Prrove, AND GEORGE T. REYNOLDs, Princeton University.— 
Following previous work done in this Laboratory! we have 
investigated the existence of cosmic ray particles of mass 
between that of the light mesons and the proton. Evidence 
for a particle of mass 550 m, was also reported by a Russian 
group. The Princeton double cloud chamber was used at 
10 600-ft altitude to obtain a mass spectrum of cosmic ray 
particles. No production layer was used. The upper cloud 
chamber was operated in a magnetic field of 5500 gauss and 
the lower chamber contained seven copper plates of } in. 
thickness each. The particles were required to traverse a 
Cerenkov counter to eliminate some of the » mesons. The 
— of these measurements will be discussed. 

Supported by the of the Office of Naval Research and the 
U. ‘$ Atomic Energy 
K. thesis, Princeton University, 1 
2 Alikhanyan ef ” Zhur. Eksptl. i Teoret. Fiz. wa 1 (1955). 
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Panel Room 


(W. W. BuEcHNeR presiding) 


Nuclear Reactions I 


Ji. A Search for H®.* G. W. Tautrest, Purdue University. 
—In a recent paper,’ Blanchard and Winter have suggested 
that H® may be particle stable. If true, H* is a delayed neutron 





emitter with a half-life ~10/msec. We have searched for 
delayed neutrons from a 14.2 g/cm? Li’ target irradiated with 
the 320-Mev bremsstrahlung beam from the Purdue Univer- 
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sity synchrotron. The target is surrounded with an array of 
BF; counters in a moderator. Neutrons are counted in nine 
delay channels between beam pulses. With a carbon moderator 
delayed neutrons are observed, with the target in position, 
with a half-life of 0.17 sec. This signal is attributed to the 
C2(n,n’ip)Li® reaction taking place in the moderator. With a 
water mxxierator, no signal is observed with a half-life longer 
than the moderation time. If, as has been pointed out by 
R. W. King,? 10 msec represents a lower limit to the half-life, 
we can place a lower limit of 10-** Mev/cm? for the Li? (7,2)H® 
cross section integrated to 320 Mev. It is suggested that H® 
does not exist. 

or in part by the U. S. Atomic Energy Commissi 

and R. G. Winter, Phys. Rev. 107, 774 1957). 
+a Ww. King (private communication). 


J2. He*(a,7)Be’ Reaction. H. D. HOLMGREN AnD R. L. 
Jounston, U. S. Naval Research Laboratory—The capture 
cross sections for the He*(a,7)Be’ reaction have been measured 
at 5 bombarding energies extending from 0.47 to 1.32 Mev. 
A 5-cm long gas target chamber was filled with 94% enriched 
He? gas to a pressure of 75 mm. The gamma ray detector was 
a 5 in. diameter X3-in. Nal crystal with a 1-in. diameter hole 
in the center in which the gas target cell was placed. In order 
to determine the absolute cross sections, the yield of gamma 
rays at 1.32 Mev was measured with a 3X3-in. Nal crystal 
whose efficiency has been calculated for various geometries. 
In the energy range investigated, the total capture cross 
section may be represented by o =2.8E**5(ub). At a bombard- 
ing energy of 1.32 Mev about 50% of the reactions proceed by 
cascading through the 0.430 Mev level of Be’. 


J3. (p,n) Reactions in Light Nuclei. I. R. L. MACKLIN AND 
J. H. Grspons.—A large neutron detector, employing a 5-ft 
diameter graphite sphere and BF; counters, has been con- 
structed with essentially flat efficiency from 1 kev to 2 Mev. 
Measurements have been made of total absolute (p,m) cross 
sections from threshold to 5 Mev for thin targets of Be*, B™, 
B", and C™, 


J4. (p,7) Reactions in Light Nuclei. H. J. H. GipBpons anp 
R. L. Mackirn.—Using the apparatus described in the 
preceding abstract, total absolute cross sections have been 
measured from threshold to 5 Mev for the following reactions: 
(1) D(p,p")pn, (2) T(p,n)He’, and (3) Li?(p,n)Be’. The yield 
near threshold in reaction (1) indicates the importance of 
Coulomb effects. From reaction (2) the He®(m,p)T reaction 
cross section has been calculated by reciprocity. Theoretica) 
fits to reactions (2) and (3) will be presented and discussed. 


J5. Lifetime of the First Excited State of B’’.* V. K. Ras- 
MUSSEN, F. R. MEtTzGer, anp C. P. Swann, Bartol Research 
Foundation.—A thick B,C target was bombarded by 3000- 
Mev protons to give a strong source of Doppler-broadened 
2.14 Mev y rays from the first excited state of B”’. The scat- 
tering of these y rays by B,C and LiNO; was measured, the 
difference being attributed to nuclear resonance fluorescence 
in B’’. Assuming spin $ for the excited state, its mean lifetime 
is found to be 4.8107 sec. The self-absorption of the 
resonance radiation in B,C was also measured, and the 
resulting lifetime found to be 4.3X10~'* sec. From both 
measurements, += (4.6+0.6)X10— sec. In the B’’(p,p’) 
reaction, the recoiling B’’* nuclei are confined, in the labora- 
tory system, to a forward cone (half-angle of 27.5° for E,=3 
Mev). Because of the Doppler effect, photons will have the 
resonant energy, Eveveil 1+ Etever/(2Mc?) ], only if emitted at 
~88° to the B’’* velocity. Thus resonance fiuorescence will 
be observed only if the scatterer is within a restricted zone 
around 88° to the proton beam. We have verified this, and 


have also shown that for 3-Mev protons on a thick target the 
inelastic protons are, on the average, approximately isotropic. 


* Supported by the joint program of the Office of Naval Research and the 
U. S. Atemic Energy Commission. 


J6. Phase Shift Analysis of N“(p,p)N™. A. J. Fercuson, 
Chalk River Laboratories—A phase shift analysis has been 
made of a set of angular distributions! for the elastic scattering 
of protons by nitrogen in the energy range 1.0 Mev to 3.0 
Mev. Three independent phase shifts have been assumed; 
two S-wave phase shifts for the 4+ and $+ states and a 
single phase shift of hard sphere type for the P waves. An 
S-wave resonance will be accounted for by this procedure but 
not one involving higher waves. Reasonably good fits have 
been obtained for the nonresonant scattering below 2.3 Mev 
and for the region of the S-wave resonance at 1.557 Mev 
indicating that the gross features of the scattering are ade- 
quately represented. In some details the fits are unsatisfactory, 
indicating more complicated behavior for the P waves. From 
2.3 Mev to 3.0 Mev the fits are poor. The results indicate a 
broad 4+ resonance at 2.3 Mev with a width of 0.5 Mev. 
This is probably the same resonance reported by Duncan 
and Perry.? 


son, Clarke, and Gove (to be published). 
. Duncan and J. E. Perry, Phys. Rev. 82, 809 (1957 


-_ 


J7. Elastic Scattering of Alpha Particles by N**.* H 
Smotricn, K. W. Jones, L. C. McDermort, anp R. E. 
BENENSON, Columbia University —The absolute differential 
cross section for the elastic scattering of alpha particles by 
N" has been measured from 1.7 Mev to 5.4 Mev at center- 
of-mass angles of 90, 125, 141, and 168 degrees, The N™ 
target gas was recirculated through a differentially pumped 
gas scattering chamber. A thin CsI scintillation counter was 
used to detect the scattered alpha particles. Gas purity was 
measured frequently with a mass spectrometer and was better 
than 90% throughout the experiment. Over twenty resonances 
were observed, corresponding to excited states of F™ above 
5.4-Mev excitation energy. In general, levels with excitations 


up to approximately 7 Mev are narrow (~10 kev); above 
this energy the levels become much broader. 
* This work was partially supported by the U. S. Atomic Energy Com- 


mission. 


J8. Angular Distributions of Deuterons from the Reactions 
F'*(p,d)F'* and Mg**(p,d)Mg™ Using 18-Mev Protons.* E. F 
BENNETT, Princeton University.t—A two-dimensional pulse- 
height analyzer used to record coincidences from a thin 
proportional counter measuring dE/dx and an Nal crystal 
measuring E permitted deuterons from proton induced 
reactions in F” and Mg* to be resolved from an inelastic 
proton background considerably more intense. Deuterons 
leaving F** in 6 states of excitation were observed and angular 
distributions on these groups were carried out. In addition to 
the levels at 0.94 and 1.05 Mev which are probably 3* and 
0*, even parity levels were found at 1.7 and 4.1 Mev and these 
are believed to be 0* and 2*, respectively. An odd parity 
level of spin 0,1,2 was found at 3.4 Mev. Three deuteron 
groups were observed in the reaction Mg**(p,d)Mg™ leaving 
Mg™ in excitations of 0, 1.4, and 4.1 Mev. All three groups 
indicated ]=2 pick-up only with reduced neutron widths in 
the ratio 1:2.2:.65. Mention will be made of the 2ereement 
between level width ratios and theory where calculations 
have been done. 

* This work was aogered fy the U. S. Atomic Energy Commission and 


the Higgins Scientific Trust F 
t Now at Argonne National Rabesstery. 


J9. Pickup Reactions in the d Shell. J. S. Barr, Princeton 
Unwwersity.*--Branching ratios for deuteron stripping into 
specific fina! states have been presented by Satchler' for the 
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case where a nucleon with definite j is strongly coupled to a 
deformed core. Modifications of these results when Nilsson 
wave functions are employed have been given by Sawicki.* 
As a test of the deformed core model, the analogous branching 
ratios to different states of a rotaticnal band are here computed 
for some typical (p,d) reactions in the d shell. For Mg**(p,d) 
Mg™, a relatively unambiguous prediction can be made that 
the final population of the L=0,2,4 states is in the ratio 
1:1.79:0.21. With Na™ and Ne* targets (J=4), an L=0 
final state can be populated only if there is mixing of dy with 
d, orbitals. Branching ratios are also estimated for (p,a) 
reactions. 

* Supported in part by the U. S. Atomic Energy Commission and The 
Hig ins Scientific Trust Fund. 


. R. Satchler, Phys. Rev. o, 1416 (1955). 
27 “Sawicki (to be published 


Ji0. Alpha-Particle Bombardment of N“.* J. R. Risser, 
P. D. MiLter, anp Epwin Kasay, The Rice Institute.— 
Measurements of the differential cross section for elastic 
scattering of alpha particles from N*™ and for the ground- 
state protons from the reaction N'*(a,p)O" have been carried 
out with a differentially pumped gas scattering chamber 
using the He** beam from the Rice Institute Van de Graaff 
accelerator. Excitation curves for the protons and scattered 
alpha particles have been taken in the laboratory energy 
range from 2.5 to 5 Mev at a number of c. m. angles, and 
proton angular distributions at a number of energies in this 
range. Agreement is excellent with similar measurements 
made by Heydenburg and Temmer' in the energy range up 
to 3.5 Mev. In addition strong resonances have been observed 
at 4.00, 4.05, 4.11, 4.28, 4.50, and 4.55 Mev, corresponding 
to levels in F*** at 7.52, 7.56, 7.61, 7.74, 7.91, and 7.95 Mev. 
The approximate c. m. widths of these resonances are re- 
spectively 35, 60, 40, 120, 30, and 70 kev. 


* Supported in part by the U. S. Atomic Energy Comm 
iN. P Heydenburg and C. M. Temmer, Phys. Rev. 92, ‘o (1953). 


Jil. Levels of F*. L O"(He*,py)F™. J. A. Kueuner, E. 
ALMQvIST, AND D. A. Bromiey, Chalk River Laboratories.— 
Seven excited states of F'* at excitations less than 3.5 Mev 
have been observed in the O'*(He*,py)F™ reaction using 
2.4-3.1 Mev He? ions. Five of these states, at excitations of 
0.94, 1.74, 2.09, 2.54, and 3.3 Mev, have previously been 
observed in the Ne*(d,a)F"* reaction’ and very probably 
have T=0. Additional levels, at 1.08 and 3.07 Mev, not 
observed in the d,a reaction, probably have T=1. p,7 co- 
incidence techniques have been used to measure branching 
ratios for the de-excitation of all states except that at 3.3 
Mev. In all cases transitions to the 1+ ground state have 
been observed, while transitions to the 0.94-Mev state have 
been seen from the states at 2.09, 2.54, and 3.07 Mev. The 


1.08-Mev state is fed by the de-excitation of states at 1.74, 
2.09, and 3.07 Mev. Angular distribution and p,7 angular 
correlation measurements show isotropy for the 1.08 Mev 
radiation suggesting a spin zero assignment. Each of the 
remaining states shows at least one transition whose angular 
distribution is not isotropic, excluding the possibility of 
spin zero. 


Middleton and C. T. Tai, Proc. Phys. Soc. (London) A64, 801 


'R. 
(1951). 


Ji2. Levels of F*. IL N*“(a,y)F™*. E. Atmovist, D. A. 
BROMLEY, AND J. A. Kueuner, Chalk River Laboratories.— 
The 5.60-Mev level in F"* was excited by the bombardment 
of TaN targets with 1.53 Mev a particles. Gamma rays of 
energies 5.60, 4.52, 3.07, 2.53, 2.12, 1.08, and 0.94 Mev were 
observed and studied using coincidence techniques. The 
observations together with the level properties reported in 
the previous paper yield the following branches from the 
capturing state: (a) 5.60--0(5%), (b) 5.60-+1.08(28%), (c) 
5.60-+3.07(67%). These observations favor the aranest 
1—,T=0 to the 5.60-Mev level; (a) is then an isotopic spi 
forbidden (AT =0) El transition while (b) and (c) are Pillowed 
(AT =1) El transitions to the two lowest T=1 levels in F"* 
with expected properties 0+ (1.08 Mev) and 2+(3.07 Mev). 
The observed angular distributions are consistent with these 
assignments and are of the forms: P»—0.19(+0.15)P: for 
5.60-Mev radiation, P»>+0.47P; for 4.53-Mev radiation and 
nearly isotropic for the 2.53-Mev radiation. The 2+,7=1 
state at 3.07 Mev shows a 20% ground-state branch and an 
80% branch via a 2.12-Mev transition to the 0.94-Mev level. 


1 P. C. Price, Proc. Phys. Soc. (London) 68A, 553 (1955). 


Ji3. Levels of F"*. IIL D. A. Bromiey, J. A. KUEHNER, 
AND E. Atmovist, Chalk River Laboratories ——Delayed coinci- 
dence measurements on the gamma de-excitation of the 
0.94-Mev state in F' have established that r<510~ sec. 
Together with the angular distributions reported in I this 
implies that 1<J<3 for this state. Triple angular correlation 
measurements have been carried out on the N"(a,yy)F"* 
reaction involving the F™ states at 5.60, 3.07, and 0.94 Mev. 
These correlations show weak anisotropies but do not permit 
an unambiguous spin assignment to the 0.94-Mev state. 
Further triple correlation measurements, using other geome- 
tries, are in progress in an attempt to remove this ambiguity. 
The available information on the F™ levels will be compared 
with the detailed intermediate-coupling shell-model calcula- 
tions of Elliott and Flowers.' Agreement is much less satisfac- 
tory than in the case of F® and may suggest revision of the 
potential used in the calculations. 


ue P. Elliott and B. H. Flowers, Proc. Roy. Soc. (London) 229A, 536 
a 
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Grand Ballroom 
(H. D. Smyth presiding) 


Symposium on High-Temperature Plasma 
JAl1. Title to be announced. James Tuck, Los Alamos Scientific ws gay (30 min.) 


JA2. Nonther 
California, Livermore. (30 min.) 





Neutrons from Linear Deuterium Pinches. S. / 


A. CoLGate, University of 


JA3. Validity of Hydromagnetic Plasma Models. Martin KruskaL, Princeton University. (30 min.) 
JA4. Basic Problems in Low-Pressure Plasmas. S. C. Brown, MJT. (30 min.) 
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Empire Suite 


(A. G. SHENSTONE presiding) 


Spectroscopy 


K1. Microwave Spectroscopy on CICN Using Maser Tech- 
niques.* P. THappEus, A. JAVAN, AND A. OxKaya, Columbia 
Radiation Laboratory, Columbia University—The rotacional 
transition .J =2<1 has been observed for the moledule CICN, 
using the maser techniques developed for ammonia. Since 
the population distribution of the molecules over the relevant 
quantum states is less favorable than for ammonia, a cor- 
siderably more sensitive microwave detection system has been 
developed. The electric quadrupole coupling of the Cl and N 
produces a hyperfine structure for this transition; the ob- 
served line widths are of the order of 1.5 kc/sec. The detection 
system consists of a superheterodyne, phase sensitive ampli- 
fier with a band width of about one cycle. The power source 
is a stabilized klystron, swept at a slow rate over a range of 
about 10 kc/sec. A well stabilized klystron is essential for 
this type of spectroscopy. The klystron used has a long term 
stability sufficient for use with much narrower band widths, 
and a short term stability of better than 200 cycles/sec. 
In order to obviate the difficulties caused by the broadness 
of a conventional frequency standard marker, the frequencies 
of the observed lines are being measured using the maser 
oscillation of the ammonia 3,3 inversion line as a standard. 
The measurements in progress will permit the calculation of 
the J-J coupling constant for the first time. 


* Work ew jointly by the Signal Corps, Pe Office of Naval Re- 
search, and the Air Force of Scientific Research 


K2. Neutron Investigation of Optical Vibration Levels in 
Zirconium Hydride.* Witt1am L. WHITTEMORE,{ General 
Dynamics Corporation.—A recent investigation of zirconium 
hydride! has revealed the existence of a sharp “optical’’ 
frequency corresponding approximately to vibrations of the 
individual hydrogen atoms in an isotropic harmonic well. 
The present report results from a further experimental in- 
vestigation of this oscillator made by studying its effect on 
the energy dependence of the total neutron cross section of 
zirconium hydride. Fermi? and others have derived expressions 
for the energy dependence cf the neutron cross section for a 
system similar to that of zirconium hydride. These expressions 
will be compared with the experimental results. 


* Experimental observations made at the Brookhaven National Labora- 


tory. 
Tt Guest Scientist, Brookhaven Patton Laboratory. 
1 Phys. Rev. (to be publi 
2 Ricerca sci. . 2 (1936). 


K3. Collision-Induced Microwave Absorption in Nonpolar 
Gases. A. A. Naryott, P. F. WACKER, AND G. BIRNBAUM,* 
National Bureau of Standards.—Absorption of microwave 
radiation by the nonpolar gases, carbon dioxide and ethylene, 
has been detected. Measurements made by sensitive resonant 
cavity techniques at frequencies near 9 and 23 kmc/sec and 
pressures up to 60 atmos yielded dielectric loss tangentswhich 
were proportional to frequency, very nearly proportional to 
density squared, and as high as 33.3X10-*. Assuming the 
losses to be due to dipole moments induced by the quadrupole 
moments of neighboring molecules, a semiquantitative ex- 
planation of the results has been obtained. Using the theory 
of Buckingham and Pople, and existing data for the quad- 
rupole moment, polarizability, and gas density, our CO, data 
indicated an effective relaxation time of roughly 3x10-" 


sec, independent of density. Both this time, which is compa- 
rable to the duration of a collision, and the experimental 
pressure dependence — that the loss is not due to the 
presence of a polar dimer. In addition, no other plausible 
explanation which has been conceived can account for the data. 
Further, computations for CO;, C:Hy, Hes, Ne, and C,H, 
are consistent with the experimental ratio of the effects for 
the first two gases and with the failure to observe the effect 
in the remaining three gases. 


* Now at Hughes Research Laboratcries 


K4. Green Bands of the XeO Spectrum.* C. Dewey 
Cooper AND GROVER C. Coss, University of Georgia.—Spectra 
in the green region which are associated with the 5577A 
oxygen line have been attributed to excited XeO molecules.'* 
We have produced similar spectra with a xenon and oxygen 
mixture at a pressure of one atmosphere in an ozonizer-type 
discharge with 4-Mc excitation. Low dispersion spectra 
confirm and extend the vibrational analysis of Herman.! 
The high intensity of the source has permitted us to obtain 
spectra with a plate factor of 1 A/mm. The rotational lines 
are resolved but are not sharp. They split into four components 
for higher J values. We assume that the transition occurs 
between the molecular states Xe(4.S9)O (So) and Xe(4S_)O (4D). 
For such a transition Hunds case } or ¢ coupling will not 
permit the type of line splitting reported above. The only 
coupling for the assumed molecular states which can account 
for the four line components is case d with quadrupole radia- 
tion. A weak continuum between 8750 and 6500 A is attributed 
to the Xe(#.S))O(‘D:) — Xe('S»)O(*P) transition. 

* Supported by Air Force Cambridge Research Center 


!L. Herman and R. Herman, J. phys. radium 11, 69 (1950 


? Kenty, Aicher, Noel, Poritsky, and Paolino, Phys. Rev. 69, 36 (1946'. 


KS. Spectra Emitted from Solid Nitrogen at 4.2°K during 
and after Electron Bombardment.* E. HOr.L, National Bureau 
of Standards (introduced by L. Marton).—By varying inten- 
sity and energy of the bombarding electron beam (4.5 kv — 36kv) 
and by using nitrogen of different kinds of purity a variety 
of emission spectra from solid nitrogen condensed at 4.2°K 
were observed. The main feature of these spectra is a green 
line at 5230 A believed to be the result of atomic nitrogen 
and two band systems in the blue and ultraviolet part of the 
spectrum due to electronic excited nitrogen molecules. The 
one system is the Vegard-Kaplan bands, the other one is 
probably *2—*2 transitions.' The observed spectra are 
similar to those first observed by L. Vegard? and by J. C. 
McLennan and G. M. Shrum.’ There is also similarity to the 
spectra of products of an electric discharge in flowing nitrogen 
frozen out at 4.2°K.* 

* This research was performed under the NBS Free Radicals Program 
supported by the Department of the Army. 

1C, M. Herzfeld and H. P. Broida, Phys. Rev. 101, 606 (1956). 


?L. ane. Nature 113, 716 (1924). 
3 J. C. McLennan and G. M. Shrum, Proc. Roy. Soc. (London) A106, 138 


(1924). 
4A. M. Bass and H. P. Broida, Phys. Rev. 101, 1740 (1956). 


K6. Microwave Spectrum and Structure of ReO,F.* J. F. 
LoTsPEICH AND A. JAVAN, Columbia University, AND A. ENGEL- 
BRECHT, Temple University.—Preliminary results on the spec- 
trum of perrhenyl fluoride have been reported previously. 
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Subsequent detailed measurements, taking into account the 
small isotopic shift and difference in quadrupole hfs splittings 
associated with the two Re isotopes, have yielded the follow- 
ing more reliable values for quadrupole coupling, rotation- 
vibration, and l-type doubling constants: egqQ(Re'*’) = (—48.4 
+1.3) Mc, a3 =(+12.30+0.06) Mc, as =(—10.91+0.06) Mc, 
qis = (16.3140.25) Mc, as=(+2.5240.06) Mc, gqius=(5.00 
+0.24) Mc. Strong dependence of quadrupole coupling on 
molecular vibration was observed, the values of egQ(Re"*’) 
being —27, —35, and —58 Mc, respectively, in the singly- 
excited vibrational states v3, vs, and 0. The very small amount 
of unbalanced p electron along the molecular axis is shown 
to explain the pronounced variations in g at the Re nucleus 
during vibration. The asymmetric-top spectrum due to the 
O"*-substituted species ReO,'“O"F yielded values for the 
three bond parameters: Re—-O=(1.692+0.003) A, Re—F 
= (1.859+0.008) A, F—Re—O=109° 31'+16’. A value of 
1.761 A for the Re—O bond distance in ReO,Cl reported by 
Amble et al. was found to be in error; the corrected figure 
1.702 A is here submitted, in close agreement with that of the 
same bond in ReO,F. Comparison of the structure and quad- 
rupole coupling of ReO,F with those of ReO;Ci and MnO,F 
provides information concerning the valence electron bond 
configurations of heptavalent rhenium and manganese. 


* Work supported by the U. S. Atomic Energy Commission. 


K7. Calculations of Energy Levels and g Values for Rul, 
Tall, and Rel. R. E. Trees, National Bureau of Standards.— 
Calculations of energy levels and g-values were made for low, 
even configurations of third and fourth long period spectra. 
Spin-orbit and electrostatic parameters were determined by 
least-squares. Similar parameters were adjusted separately 
in different configurations except for G:H: and a. The 59 
levels known in the configurations 4d* +4d"5s+4d*5s* of Rul 
were fitted with a mean deviation of +53K by using 15 
parameters. The parameters B and C show linear dependence 
on the configuration to within 10%. Previously, 37 levels of 
the configurations 5d‘+5d%6s+5d%6s* of Tall were fitted 
with a mean deviation of +371 K by using 8 parameters.' A 
level at 18500 was rejected but it is now certain that the 
level at 16424 is unreal instead. This reduces the mean 
deviation to +278K, without readjustment of the 8 pa- 
rameters. A mean deviation of +77 K was obtained with 15 
parameters, but eight newly observed levels were not included. 
The 51 levels known in the 5d°6s*+5d%6s configurations of 
Rel were fitted with a mean deviation of +325 K by using 11 
parameters. The parameter a was 67+13. 


oan Cahill, and Rabinowitz, J. Research Natl. Bur. Standards 55, 335 
). 


K8. Effect of Atomic Interactions on the Spectra of Gaseous 
Mixtures. O. JEFIMENKO, West Virginia University (introduced 
by Charles D. Thomas).—As a result of atomic and molecular 
interactions in the mixtures of gases or vapors, new bands 
and diffuse lines appear in the spectra of such mixtures. These 
bands and lines are not present in the spectra of the compo- 
nents of the mixture taken separately and constitute spectral 
forms characterizing a particular mixture. They appear as 
interaction satellites near certain atomic lines with intensities 
varying from a few tenths to a few thousandths of the in- 
tensity of the parent lines. The regularities in the occurrence 
of these satellites as observed both in emission and absorption 
suggest new possibilities for the spectrochemical analysis as 
well as for the interpretation of stellar spectra and the sun 


spectrum, in particular. The existence of interaction spectra 
indicates the need for revision of the theories of pressura 
broadening and the shape of atomic lines. 


K9. X-Ray Mass Absorption Coefficients. ALAN J. —_ 
DEN, The Johns Hopkins University.—Major di 
the published values of the ratio of K shell. to (L+M) shell 
photoelectric absorption have led to considerable mistrust 
in experimental photoelectric cross sections. New measure- 
ments of the mass absorption coefficients for spectroscopically 
pure aluminum, copper, tin, and gold at x-ray energies of 
8, 10, 12.5, 15, 20, 25, 30, 35, and 40 kv have been made by 
the use of a double quartz crystal x-ray monochromator and 
the continuous radiation from a tungsten target. Exception- 
ally high resolving power has been obtained by the use of 
1011 and 2023 planes in natural quartz. A small Nal (Th) 
scintillator, which absorbed ~100% of the transmitted 
radiation was used as the x-ray detector. Resulting measure- 
ments are accurate to within one percent. These values will 
be presented in tabular form and compared with previous 
measurements and also the calculated values of Grodstein.' 


! Gladys White Grodstein, Natl. Bur. Standards Circ. No. 583. 


K10. Experimenta! L-Shell Fluorescence Yields. N. H. 
Lazar AND W. S. Lyon, Oak Ridge National Laboratory.— 
The “‘average” L-shell fluorescence yield, wz, has been meas- 
ured for Tb, Yb, Hf, Hg, Tl, and Pb using radioactive sources. 
The technique, based on the fact that each Kq x-ray emitted 
labels a vacancy in the L-shell, involved the determination 
of the coincidence rates, P(L), between K x-rays (detected 
with a 3X3-in. NaI(T1) crystal) and L x-rays. (detected in a 
14X}-in. Nal (Tl) crystal in a beryllium can). By use of the 
relationship, 

P(L) =C(K)Ka/Kwie QA, 


where C(X) is the counting rate of K x-rays observed with the 
3X 3-in. crystal, ¢, is the efficiency and 2 the solid angle for the 
thin Nal(Tl) crystal, A the absorption of beryllium or other 
matter between the source and the thin detector, and K,/K 
is the fraction of K x-rays emitted per K x-ray transition, 
taken from x-ray data.' The results are in agreement with 
the early work of H. Lay.* 


1A. ym ety a X-rays in Theory and Experiment 
(D. Van Nostrand Com Inc., nae Se, SE PE 
*H. Lay, Z. Physik 91. 5 $33 (1934). 


Kil. X-Ray Emission Spectrum of Lithium.* Joserx 
CaLLaway, University of Miami.—In an attempt to explain 
the observed soft x-ray emission spectrum of lithium, the 
energy dependence of the transition probability between the 
conduction band and the 1S level has been calculated. The 
calculation was based on cellular method wave functions 
obtained using the Seitz semiempirical potential by Silverman 
and Kohn.' The wave function of an electron in the band was 
found to third order in the wave vector K. The wave function 
of LS caciene seh see ere one, The 
ityis proportional tothe productv*| Mis, x|?N(E) 
where v is the frequency of the x ray, Mis,x is the matrix 
element for the transition, and N(Z£) is the density of states, 
The emission intensity was found to have the form const, 
X £1(1+1.17 E). This result is not in agreement with experi- 
ment where a gradual drop in intensity is observed before the 
Fermi surface is reached. 


Su at in gamt bey Gn nal ame Beet 
W. Kohn (pri (private communication 
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Gevernor Clinton 


(J. A. BuRTON presiding) 


Semiconductors III: Radiation Damage 


KAl1. Effective Mass of Electrons in Gallium Arsenide.* 
L. C. Barcus, A. PERLMUTTER, AND J. CaLLaway, University 
of Miami.—The index of refraction of n-type gallium arsenide 
has been measured in the infrared between 0.78 and 15 microns 
using a technique similar to that of Simon! which will be 
described. The reflectivity shows a decrease beginning at 
about 8 yw which can be attributed to the free electrons (n 
=6.9X10"? cm~), The extinction coefficient is less than 0.1 
throughout this region. Measurements at longer wavelengths 
are in progress. The effective mass of the electrons was de- 
determined from the computed dielectric susceptibility 
according to the procedure of Spitzer and Fan.* A value 
m* /mo =0.0440.01 was obtained. The small effective mass 
supports the prediction*® that the minimum of the conduction 
band occurs at the center of the Brillouin zone. 

* Su in part by the Air oree Office of Scientific Research. 

11. ion, J. Opt. Soc. Ce rig 336 (195 


2W. G. Spitzer and H. Y. Fan, Phys. ond "106, 882 (1957). 
3J. Callaway, J. Electronics 2, 330 (1957). 


KA2. Low-Energy Electron Diffraction from a (100) Silicon 
Crystal Face and Tests for Contamination from the Ambient.* 
H. E. FARNSWORTH AND R. E. ScHLieR, Brown University.—A 
diffraction pattern has been observed after heating in vacuo 
980°C for 2 hours but not after heating at 770°C for 15 hours. 
Improvement in the pattern intensity was effected by argon- 
ion bombardment and annealing. The pattern was similar 
to that previously reported for germanium, i.e., half-integral 
order diffraction beams were observed in the (110) azimuth 
but not in the (100) azimuth. Also, the half-integral order 
beams were nearly extinguished by oxygen adsorption. The 
oxygen could be removed from the surface by heating at 
900°C for 5 min but not at 700°C for one hour. Residual 
pressures during heating at 1100°C, and immediately follow- 
ing, were too low to permit significant adsorption from the 
ambient before observations. Separate tests with a tungsten 
flash filament in another experimental tube showed that 
oxygen contamination in the ambient during and immediately 
following the ion-bombardment cleaning process was too 
small to account for the observed half-integral order diffrac- 
tion beams in the case of (100) germanium under similar 
vacuum conditions. It is suggested that the interpretation 
of the beams from silicon is the same as that proposed for 
similar beams from germanium.! 

* This work is supported by a Joint Le ft oy Contract with MIT and a 
subcontract with Brown University, and by a contract with Air Force 
Cambridge Researc a, Air Research and Pt nme Command. 


h 
1R. E. Schlier and H. ‘arnsworth, ¢ = wend Physics 
(University of Bowe wat Press, Philadelphia, 1957), p. 


KA3. Heat Treatment of Silicon in a Kinetic Vacuum 
System. W. T. Eriksen, Raytheon Research Division.—The 
heat treatment of silicon has been investigated in a kinetic 
vacuum system. The walls of the containing system remain 
cool, which gives more confidence in the cleanliness of the 
ambient. Many experiments can be performed on the same 
sample, which minimizes the problem of sample inhomogeniety. 
Samples are annealed at 1200°C until the vacuum attains 
its limiting value, about 10-* mm Hg and then radiation 
quenched to room temperature. (Np— Na) is increased by 
quenching from 1200 and subsequently reduced by long 
annealing at lower temperatures. Activation energy for the 
annealing process on one sample was 1.2 ev. The change in 


carrier concentration is always less than 9 X 10" carriers under 
any heat treatment conditions. Zone refined samples show 
very little change in resistivity with heat treatment. That 
larger changes in carrier concentration with heat treatment 
are not seen is attributed to the fact that O, has been largely 
eliminated from the samples. Whether the small changes 
still present are due to residual O, or other impurities or 
characteristics of the silicon lattice itself has not been de- 
termined. 


KA4. P.M.E. Null Method for Measuring Diffusion Lengths 
in SI. S. MaysurcG anv L. Couen, Sylvania Electric Products 
—A modified P.M.E. technique consists in balancing the mag- 
netic force on the diffusing carriers by an electric field. The 
carriers are injected uniformly over the surface layer of the 
specimen at 120 cps by an unfilter-fluorescent-lamp mercury 
discharge. Using Van Roosbroeck’s equations to correct the 
simplified equations of Aigrain and Bulliard, we get a diffusion 
length L for thick samples, 


L=DA (pnatipa) (un t+up) CE(1+5S/kD)™ 


where D is the minority carrier diffusion constant; yas and 
Ba, Mpa and yy are the electron Hall and drift mobilities, the 
hole Hall and drift mobilities (all functions of resistivity) ; H, 
the magnetic field; E, the nulling electric field, determined by 
the dc current in the sample; S, the surface recombination 
velocity; and k, the absorption coefficient of the radiation. 
Since S/kD is small for reasonable surface treatments and 
the mercury radiation, surface effects are order. 
Since carriers are injected at low frequency, no correction for 
trapping effects need be made. The technique discriminates 
sharply between homogeneous and inhomogeneous samples; 
the latter giving rise to large non-nullable photovoltages 


second 


KAS. Fine Structure of Intrinsic Recombination Radiation 
in Silicon. J. R. Haynes, M. Lax, anp W. FLoop, Bell 
Telephone Laboratories.—The fine structure of the intrinsic 
recombination radiation from Si has been observed using a 
spectrometer equipped with a diffraction grating. Six lines 
were resolved, consistent with the interpretation that four 
involved the emission of phonons of energy hw equal to 0.119, 
0.083, 0.055, and 0.016 ev for transverse optical, longitudinal 
optical, longitudinal acoustical, and transverse acoustical 
modes respectively. The remaining two lines that disappear at 
low temperatures are interpreted as the absorption of trans- 
verse acoustical and longitudinal acoustical phonons. These 
absolute values for the phonon energies and the energy gap 
E, are obtained by comparing absorption and emission of the 
same phonon, using the relation hy = E,+/w for the minimum 
energy of the emitted photon. Our values for EZ, are 1.153 ev 
at 0°K and 1.107 ev at 295°K with a temperature coefficient 
of 2.3X10~ ev/degree near room temperature. Values ob- 
tained for the acoustical phonon energies as well as those for 
the energy gap are in good agreement with those obtained from 
absorption data by Macfarlane and Roberts.' From the small 
energy difference between the longitudinal phonons J. C. 
Phillips has estimated that the conduction band energy 
minimum is located approximately at 0.83 (x/a)(1,0,0). , 

1G. G. Macfarlane and V. 


Macfarlane, McLean, Quarrington, 
published). 


Roberts, Phys. Rev. 98, 1865 (1955): 
and Roberts, Phys. Rev. (to be 
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KA6. Work Function Studies of Silicon Single Crystals.* 
J. A. Ditton, Jr., Brown University —The work functions of 
a number of silicon single crystals have been studied in the 
experimental system previously used for germanium. The 
samples were all p-type with resistivities between 50 and 100 
ohm-cm. They were grown in quartz crucibles and had not 
been subjected to the floating-zone process. Heating the 
silicon above 1000°C in contact with quartz drastically 
affected the surface properties and changed the type and 
resistivity; therefore electrical contact was made by means 
of a molybdenum clamping arrangement which was shielded 
from ion bombardment. For the samples which had been 
subjected to extensive heating at 1000°C and ion-bombard- 
ment cleaning, the work function values after radiation 
quenching from 1000°C were higher than those after annealing 
at 500°C. The values after quenching were: (100), 4.92 ev; 
(110), 4.89 ev; (111), 4.77 ev. The values after annealing were: 
(100), 4.82 ev; (110), 4.70 ev; (111), 4.67 ev. The differences 
between the quenched and annealed values persisted even 
after prolonged heating at 1100°C although the values for the 
(100) and (110) taces changed slightly, possibly due to the 
extensive thermal etching which occurred when these faces 
were heated at 1100°C. Oxygen adsorption at room tempera- 
ture resulted in work finction increases, hydrogen exposure 
resulted in work function decreases only in the presence of a 
heated filament. 

* This work is supported by a Joint Services Contract with MIT and a 


subcontract with Brown University, and by a contract with Air Force 
Cambridge Research Center, Air Research and Development Command. 


KA7. Zeeman Effect of Impurities in Semiconductors.* 
Benjamin Lax, R. D. Purr, anp W. H. Kierner, Lincoln 
Laboratory.—The Zeeman effect of impurity levels can yield 
information about the band structure of a semiconductor. 
Thus, in a simple semiconductor with an isotropic carrier of 
effective mass m* the 2p, states are split by an energy h 
(eH /m*c) at low enough fields, allowing in principle an experi- 
mental determination of m*. For an anisotropic mass the Zee- 
man pattern depends on the magnetic field orientation relative 
to the crystal axes. The pattern has been calculated to second 
order of perturbation theory for Si and Ge donors. The results 
apply for Si throughout the range of experimental fields (up 
to 40 kgauss), but for Ge a better approximation is required 
for the higher fields. The Zeeman splitting should be resolvable 
in Si with monovalent impurities when measured at liquid 
helium temperatures with a high resolution infrared grating 
spectrometer in the wavelength range 10 to 30 uw. In Ge, 
longer wavelengths are required unless one considers multi- 
valent impurities with deeper levels. Observation of the 
Zeeman effect and its anisotropy promises to provide a valu- 
able tool for investigating the band structure of semicon- 
ductors where cyclotron resonance is not feasible. 


* The research reported in this document was supported jointly by the 
Army, Navy, and Air Force under contract with MIT. 


KAS8. One-Dimensional Impurity Bands. H. L. Frisch anp 
S. P. Lioyp, Bell Telephone Laboratories (introduced by N. B. 
Hanna).—The (integral) density n(e) of one-electron energy 
levels of a one-dimensional “‘crystal'’ containing impurities 
of a single kind is studied in the effective mass approximation. 
The distribution of impurity atoms (é-fuaction model, strength 
-a) is assumed to be the Poisson distribution, with (density) 
parameter A. Then the electron wave function (x) and its 
derivative y’ (x) constitute a two-dimensional Markov process 
(parameter x), and the joint probability density of y, y¥’ 
satisfies a first order partial differential-difference equation 
(forward equation). The moments ((¥(x))"(¥’(x))*) are 


obtained easily for small r+s. The stationary marginal 
T(z) of z=y'/y (if it exists) satisfies [d/ds)[(2*+¢)T(z)] 
+A[T (z4+-a) — 


T(z)]=0 where ¢=(2m/h*) X (energy). It is 


shown that n(e)= lim 2#7(z) if f/_.* T(z)ds=1. A power 
zw-to@ 

series in \ aad strict upper and lover bounds for m(e) are 
obtained for the case «>0. If A/a is small, the bounds are 
close to each other. The approximation T(s+a)—T(z) 
=aT’(z) (good for a—0, \a-—finite) gives the results of the 
optical model. 


KA9. Low-Temperature Fast Neutron Irradiation of Ger- 
manium.* J. W. CLELAND aNnp J. H. Crawrorp, Jr., Oak 
Ridge National Laboratory.—The rate of change of conduc- 
tivity of n-type single crystal plates of germanium during 
fast neutron irradiation at a temperature of ~16°K is en- 
hanced over that previously observed at higher temperatures. 
Annealing studies subsequent to irradiation reveal no evi- 
dence of thermally unstable defects between ~10 and ~65°K. 
Annealing above ~95°K indicates the presence of thermally 
unstable minority carrier traps of the type previously ob- 
served following irradiation at 120°K. The enhanced decrease 
in conductivity at 16°K compared to that observed at higher 
temperatures is believed to reflect a greater rate of introduc- 
tion of defects, many of which anneal at temperatures above 
95°K. 

* This work was supported by the U. S. Atomic Energy Commission. 


KAI10. Effect of Monoenergetic Fast Neutrons on N-Type 
Germanium. S. L. Rusy, F. D. Scuupr, anp E. D. WoLLey, 
Westinghouse Electric Corporation—The present models'-* for 
fast neutron radiation damage are being checked experi- 
mentally with monoenergetic neutrons in N-type germanium. 
The changes in resistivity and Hall coefficients have been 
determined as a function of neutron flux and energy for 
N-type germanium having impurity concentrations of about 
3X10" cm. Both the irradiation and electrical measure- 
ments have been made at 77°K. Neutron energies used were 
4.7,2.7,and 1.7 Mev from the H*(d,2)H? reaction. The observed 
changes in resistivity and Hall coefficients are not only lower 
than the theoretical predictions, but are also less than would 
be estimated by extrapolating the results obtained from reactor 
neutron irradiations. 

'F. Seitz and J. S. Koehler, Solid State Physics (Academic Press, Inc., 
New York, 1956), Vol. 2, p. 305. 


2J. Crawford and J. W. Cleland, Progress in Semiconductors (Hey- 
wood, AL 1957), Vol. 2, p. 69. 


KAI11. On the Nature of Radiation Damage in Silicon.* G. 
K. Wertuetm, Bell Telephone Laboratories ——Bombardment 
damage in silicon produced by electrons of energy less than 1 
Mev consists of groups of imperfections, such as vacancy- 
interstitial pairs. The differentiation between paired imper- 
fections and isolated point imperfections is made on the basis 
of mobility and capture cross sections. The former is sensitive 
to the net charge of the imperfection site while the latter is 
sensitive to the charge of one of the constituent point defects. 
The energy level 0.29 ev above the valence band! has no effect 
on mobility when the Fermi level is above it, and reduces 
mobility when it is below. Measurements of lifetime in n-type 
material yields a hole-capture cross section for the 0.29 ev 
level much larger than electron-capture cross section, indicat- 
ing that the center is negative. These results are consistent 
provided the 0.29 ev level arises from an imperfection pair in 
which both members of the pair are charged when the Fermi 
ievel is above the level they produce. The bombardment levels 
located 0.16 ev below the conduction band have also have 
been investigated. No evidence for the presence of other 
energy levels has been found from mobility measurements. 


* This work was su in part the Wright Air Development 
Center of the U. S. Air ‘orce, as 
1G. K. Wertheim, Phys. Rev. 105, 1730 (1957). 


KAI12. Abrasive Resistance of Irradiated Diamonds.* A. C. 
Damask,t Brookhaven National Laboratory.—The amount of 
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wear of neutron irradiated diamonds against silicon carbide 
abrasive is compared with unirradiated diamonds. The volume 
removed from diamond phonograph needles is calculated 
geometrically from microphotographs of four groups of six 
diamonds irradiated with different total fluxes, and an average 
is taken for each group. For an irradiaton of 2.6X10'* NVT 
fast the hardness is 50% of the unirradiated hardness, and for 
7.8X 10" NVT fast the hardness is 20%. The densities were 
measured by flotation in warm thallium malonate solution 
to an accuracy of about +0.7%. For the 2.6 X10" irradiation 
the density has decreased by 1% and by 4% for the 7.8 x10” 
irradiation. The data indicate a linear relationship between 
hardness and density. The decrease of cohesive energy of an 
irradiated diamond is estimated crudely from the number 
of broken bonds and the strain energy of the density change. 
The calculated fractional decrease in cohesive energy is 
about one half of the fractional decrease in hardness. 


* Under contract with the U. S. Atomic E Ccmmission. 
t Arsenal, P’ phia, 


Guest Scientist from Frankford lvania. 


KA13. Expansion of Copper Upon Low Temperature Deu- 
teron Irradiation.* RicHARD WERNER VooK, JBM Research 


AND M 





Laboratory, Poughkeepsie —The increase in linear dimensions 
of a 99.999% copper foil upon deuteron irradiation was 
measured directly as a function of integrated flux. Two 
bombardments were made on the same specimen with inte- 
grated fluxes of 3.14X10'* d/cm* and 7.68X10'* d/cm?, 
respectively. It was found in both runs that the specific 
change in length per incident deuteron per square centimeter 
was 3.8X107'. This value applies to an average deuteron 
energy of 8.5 Mev. Measurements of the thermal recovery 
of the irradiation-induced change in length were also made. 
If the thermal recovery between the bombardment tempera- 
ture and room temperature are designated as Stage I (<70°K), 
Stage II (70-180°K), and Stage III (180-300°K), then the 
amount of recovery per stage is 64%, 6%, and 26%, respec- 
tively. The residual effect remaining at 300°K is 4% of the 
maximum effect. It is suggested that the defects introduced 
by the deuteron irradiation are Frenkel pairs and that thermal 
recovery proceeds by means of their recombination between 
the bombardment temperature of 17°K and 300°K. 

* This work was supported by the U. S. Atomic Energy Commission and 


was submitted to the University of Illinois in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy. 





THURSDAY AFTERNOON AT 2:00 


Manhattan Center 


(J. W. Beams presiding) 


Joint Ceremonial Session of APS and AAPT 


Retiring Presidential Address of the American Physical Society 
Ll. Past and Present Relations of Science and Gevernment in the United States. H. D. Smyru, 


Princeton University. 


(V. E. Eaton presiding) 


Presentation of the Oersted Medal of the AAPT 
Response of the Oersted Medallist 


L2. A New Era in Science? J. W. Bucuta, University of Minnesota. 


Sixteenth Richtmyer Memorial Lecture of the AAPT 
L3. The Approximate Nature of Physical Symmetries. Puitip Morrison, Cornell University. 





FRIDAY MornING AT 9:15 


Terrace Room 


(J. RAINWATER presiding) 


Pions and Muons 


M1. Photoproduction of Positive Mesons from Hydrogen.* 
W. M. Woopwarp, M. HEINBERG, R. R. WiLson, anv D. 
Zipoy, Cornell University—A strong focusing magnet and a 
counter telescope have been used to measure the cross section 
of the reaction y+p—-n+-* at 90° in the laboratory system 
as a function of the photon energy. The bremsstrahlung from 
the 1.1-Bev Cornell synchrotron were used and the upper 
limit of the spectrum was adjusted so that multiple meson 


production was energetically impossible. The energy of the 
meson was determined by the magnet, and the mesons were 
identified by the relative pulse heights given by the counters 
as well as the range. Liquid hydrogen was used as the target. 
After passing through the well-known peak at 300-Mev 
photon energy the cross section (at about 120° in the c.m.) 
is found to remain roughly constant at about 6ub/sterad from 
500 to 900 Mev although there is some indication of another 
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peak at about 700 Mev. The absolute accuracy is not better 
than about 50% at the present time pending a determination 
of the aperture of the magnet. This is being made and the 
measurements are being extended to other angles and energies. 


s Sroperted by the joint program of the Office of Naval Research and 
the U Atomic Energy Commission. 


M2. Photoproduction of «® Mesons from Hydrogen at 
500-900 Mev.* P. C. Sremn anp K. C. Rocers, Cornell 
University.—The photoproduction of single x® mesons is being 
studied at photon energies between 500 and 900 Mev, using 
the bremsstrahlung beam from the Cornell electron syn- 
chrotron. Cross sections are measured by counting the recoil 
protons from a liquid hydrogen target. Protons are identified 
by their energy loss in a standard range telescope. A Cerenkov 
counter is used to discriminate against mesons and multiple 
electron events. Differential cross sections at meson energies 
of 60°, 90°, and 120° in the center of mass were measured and 
the results will be presented. 


* Supported by the joint program of the Office of Naval Research and the 
U. S. Atomic Energy Commission. 


M3. Photoproduction of Neutral Pions from Hydrogen in 
the Region 500-1000 Mev.* J. W. DeWire, H. E. Jackson, 
AND R. M. Littaver, Cornell University—The reaction 
hy+p—-p+- is being studied using the bremsstrahlung from 
the Cornell electron synchrotron. The reaction is identified 
by detecting the recoil proton in a scintillation counter 
telescope in coincidence with one of the mesonic decay photons, 
which is counted in a lead glass shower detector. Copper 
absorbers in the proton counter define the energy of the 
incoming photon. Data have been taken in 100-Mev intervals 
at laboratory angles for the proton of 25°, 41°, and 60°. 
The differential cross sections for 90° (c.m.) are 


hy (Mev) da / dw (wb/sterad) 
550 4.3420.29 
650 4.23+0.25 
750 3.7220.13 
850 2.9820.14 
950 1.57+0.12 


The quoted errors are statistical. Systematic errors due to 
uncertainty in the correction for proton absorption and to 
beam calibration increase with energy and do not exceed 
10%. Results at other angles will be presented. 


* Supported by the joint program of the Office of Naval Research and the 
J. S. Atomic Energy Commission. 


M4. Diffusion Cloud-Chamber Study of Multiple Photo- 
meson Production in H, at the Cornell Synchrotron.* J. M. 
SELLEN, G. Cocconi, V. T. Cocconi, AND E. L. Hartr.—A 
20-atmos hydrogen filled diffusion chamber operating in a 
magnetic field of 6 kilogauss has been placed in the 1-Bev 
bremsstrahlung beam of the Cornell synchrotron. About 
40 000 pictures have been taken with this chamber and have 
yielded approximately 100 events of the type y+p—~p+x.* 
+x. These events have been analyzed to yield the total 
cross section for this reaction as a function of y-ray energy 
and to give distributions of angles, momenta, and relative 
Q’s of the particles involved. The bremsstrahlung spectrum 
used for the determination of the cross section has been 
obtained from a separate experiment on the electron-positron 
pairs in these pictures. The experimental distributions of the 
Q’s and the momenta have been compared with the predic- 
tions of the statistical model and of the excited model. 


* Supported by the joint program of the Office of Naval Research and the 
U. S. Atomic Energy Commission. 


MS. Asymmetry in «*-Meson Production by Polarized 
Protons. E. HEER, A. RoBERTs, AND J. TrnLot, University of 
Rechester.—We are studying the azimuthal asymmetry in the 
production of «* mesons in complex nuclei by 210-Mev 


polarized protons. Such an asymmetry has been observed! at 
315 and 415 Mev for the process p+p->x*+d. The results 
obtained for aluminum are shown below; the quantity listed 
is the asymmetry which would be produced by 100% polarized 
protons. The asymmetry at 90° is larger than that observed 
for bp production at higher energies, has the same (negative) 
sign, is roughly independent of meson energy, and varies 
with angle more rapidly than sin@é. We plan to investigate 
other elements and r° and +~ production. 


Meson energy 


(Mev) @ lab. 90° 120° 145° 
14.5-22.5 —0.494 +0.118 
23.5-29.9 —0.624 +0.129 ~0.185 +0.101 —0.213 20.090 
28.6-34.3 —0.583 +0.115 —0.251 +0.090 —0.101 20.130 
35.5-40.3 —0.444 +0.106 
38.7-43.4 —0.203 20.112 —0.348 +0.091 —0.022 0.016 
49.0-53.6 —0.488 +0.347 


1F.S. Crawford and M. L. Stevenson, Phys. Rev. 95, 1112 (1954). 


M6. x*—P Scattering at 480 Mev.* T. W. Morris, D. C. 
Raum, R. R. Rav, anp A. M. THoxnpike, Brookhaven Na- 
tional Laboratory, aND W. J. Wituis,t Yale University.—A 
liquid hydrogen bubble chamber was used to obtain 20 000 
pictures in a 480-Mev x* meson beam at the Cosmotron. 
In this focused external pion beam, the numbers of #* and 
protons were approximately equal. Preliminary results on 
85 events show that production of an additional pion occurs 
in 10 cases, or about 12% of the interactions. The angular 
distribution of the elastic scatterings is given approximately 
by (1+4cosé+4cos*) in the center-of-mass system. 

* This work carried out under the auspices of the U. S. Atomic Energy 


Commission. 
+ National Science Foundation Predoctoral Fellow. 


M7. =x -Proton Scattering at 950 Mev.* A. R. Erwin, Jr., 
AND J. K. Kopp, Brookhaven National Laboratory. —Approxi- 
mately 1200 x--proton interactions in a liquid hydrogen 
bubble chamber were studied to obtain the elastic differential 
cross section and inelastic partial cross sections at 950+20 
Mev mean laboratory energy. Relative cross sections were 
converted to absolute values using the total cross section 
obtained by Cool, Piccioni, and Clark' with counters. The 
differential cross section is inconsistent with a resonance of 
definite total angular momentum and parity and can be 
fitted by a superposition of partial waves of angular momenta 
up to 3 & without spin-flip scattering. In the center-of-mass 
system, 30% of the pions scatter beyond a broad minimum 
of the cross section at 75°. 

* Work carried out under the auspices of the U. S. Atomic Energy 


Commission. 
' Cool, Piccioni, and Clark, Phys. Rev. 103, 1082 (1956). 


M8. Comparison of Experimenta! Results and Theoretical 
Predictions for the Elastic Scattering of 80-Mev Pions by 
Nuclei Using the Kisslinger Optical Model.* W. F. Baker, 
H. ByFreLp, anp J. RarnwaTerR, Columbia University.—Ex- 
perimental measurements on the angular distribution of the 
elastic scattering of 80-Mev x~ mesons by nuclei have been 
made for angles up to 115°.! The energy resolution was suf- 
ficient to distinguish, in favorable cases, the strictly elastic 
scattering leaving the nucleus in its ground state from that 
leading to the excitation of low-lying nuclear levels. We have 
carried out a program of calculations using IBM 650 com- 
puters? to compare the experimental results for carbon with 
the predicted values using a modified Kisslinger*® type optical 
model. A tapered nuclear edge was used and Coulomb effects 
were included. The results will be presented. 


* Sup bay she Salat pocattin of Che Coir et aS Sea and 
ae Atomic Energy Commission. 
F. Baker, Nevis Cyclotron Laboratories No. 48. 
9 Wie witch ee duamk Wkdene Cabenmery ant Wl Laboratory for the 


use ad their computing facilities 
L. S. Kisslinger, Phys. Rev. “9s, 761 (1955). 
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M9. Magnetic Moment of the Free Muon.* T. Corrin, R. 
L. Garwin,f S. PENMAN, L. M. LEDERMAN, AND A. M. Sacus, 
Columbia University—The measurement of the magnetic 
moment of the u* meson by magnetic resonance techniques‘ 
has been extended by using a somewhat higher frequency 
and a more homogeneous magnetic field. The experimental 
arrangement was very similar to that previously discussed 
in which muons were brought to rest with their spins aligned 
with the magnetic field. A radio-frequency pulse was applied 
to effect a spin reorientation which was detected by counting 
the decay electrons emerging after the pulse in a fixed direc- 
tion. Results are expressed in terms of a g factor which for a 
spin 4 particle is the ratio of the actual moment to eh/2m,c. 
The most accurate result obtained in a CHBrs; target, is that 
g =2(1.0026+0.0009) compared to the theoretical prediction 
of g=2(1.0012). Less accurate measurements yielded g 
=2.005+0.005 in a copper target and g=2.00+0.01 in a 
lead target. 

* This research is su 
and the Office of Naval 


t Also at I.B.M. Watson Laboratory. 
asen Lederman, Penman, and Sachs, Phys. Rev. 106, 5 


M10. Scattering of Mu Mesons from Lead.* P. GoLpsTEIN, 
B. Curp_ey, G. Hinman, R. SumMERs, AND R. ADLER, Car- 
negie Institute of Technology—Mu mesons from the Carnegie 
Institute of Technology synchrocyclotron have been scattered 
from lead plates. An angular distribution has been measured 
from 0° to 30° for mesons in the energy range 20 to 25 Mev. 
The experimental apparatus used was a propane bubble 
chamber in which a lead plate was mounted. Plate thicknesses 
employed were 0.0125 in. and 0.022 in. Observations were 
restricted to mu mesons which stopped inside the chamber 
and for which the decay electron was visible. Approximately 
40 000 events have been analyzed and the results will be 
compared with the Moliere theory of multiple scattering. 

* This work was supported by the U. S. Atomic Energy Commission. 


by the U. S. Atomic Energy Commission 


M!1. Neutron Production by Fast uw Mesons.* J. K. pe 
PAGTER AND R. D. Sarp, Washington University—An im- 


proved experiment on the nuclear interaction of fast 4 mesons 
in Pb has been carried out, using the Washington University 
magnet cloud chamber and a detector of evaporation neu- 
trons.! Special emphasis was given to determining the con- 
tribution to the counting rate by real photons in showers 
started by knock-on electrons. To this end the Pb producer 
was divided into 1.27-cm slabs with hodoscoped Geiger 
tubes in between, so that all but the smallest showers were 
recognizable. The multiplicity of detected neutrons was 
also recorded. Preliminary analysis gives 1.6X10™** cm?/nu- 
cleon for the cross section-neutron multiplicity product for 
direct nuclear interaction of fast u mesons at sea level. Analysis 
of the hodoscope data shows that the contribution from real 
photons has been effectively eliminated. 

. * Supported in part by the joint program of the Office of Naval Research, 


U. S. Atomic Energy Commission. 
1 Stearns, Jones, de Pagter, and Sard, Phys. Rev. 106, 1043 


1957). 
M12. Nuclear Interactions of High-Energy u Mesons. |. B 
McDiarmip, National Research Council, Canada.—A multi- 
plate cloud chamber operated under 90 cm of lead at sea 
level has been used to study nuclear interactions produced 
by high energy particles most of which could be shown to be 
w# mesons. Plastic scintillators mounted inside the chamber 
served as carbon targets and also as part of a selection system 
which was biased strongly against unwanted events. The 
following cross sections for ~ mesons have been obtained: 
§.6+1.1xX10-" cm?/nucleon for all interactions involving 
energy transfers > 50 Mev and 1.7+0.6 X10-* cm*/nucleon for 
shower production. It is shown that the main features of the 
interactions can be understood with the aid of the semi- 
classical Williams-Weizsacker method. The cloud chamber 
results are compared with those of George and Evans' who 
studied nuclear interactions produced in photographic emul- 
sions exposed underground. The s-meson results are used 
along with the Williams-Weizsacker theory to infer photo 
cross sections in carbon and a nearly constant value of about 
10-77 cm? is obtained for photons in the energy range 0.1 to 
10 Bev with possibly an increase in the region of 10 Bev. 
1955 


1 E. P. George and J. Evans, Proc. Phys. Soc. (London) A68, 829 
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M13. Production of Strange Particles in Pion-Proton Collisions. J. SreINBERGER, Columbia Uni- 


versity. (30 min.) 
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Theoretical Physics III: Various Topics 


MAI. Applications of an Explicit Finite Difference Scheme 
for Numerical Integration of the Time-Dependent Schrédinger 
Equation.* J. Mazur, Dow Chemical Company, AND ROBERT J. 
Rustin, National Bureau of Standards.—A stable, exolicit, 
finite difference approximation for numerical integration of 
the time-dependent Schrédinger equation has been developed. 
This procedure has been tested with the aid of the ILLIAC 
(University of Illinois Electronic Digital Computer) for two 
one-dimensional examples (1) propagation of a Gaussian 
wave packet for a free particle and (2) oscillation of a Gaus- 
sian wave packet in a harmonic oscillator potential field.’ 
Our interest in the finite difference scheme has been in the 
application of the method to the study of a model system 





undergoing an exchange reaction, AB+C-A+8SC. The 
resuits of these calculation for the reaction probability will 
be described. In addition, the possible application of the 
foregoing approximation technique to scattering 
processes will be discussed. 


various 


* The work reported here was started by the authors while at the Uni- 
versity of Illinois. 

1V. Rojansky, Introductory Quentum Mechanics 
Englewood Cliffs, New Jersey, 1946), p. 115. 


(Prentice-Hall, Inc., 


@ MA2. Approximate Solution of Nonlocal Schroedinger’s 
Equation.* A. E. S. Green,f Florida State University.—The 
approximate solution of Schroedinger’s equation with non- 
local potentials is a matter of increasing importance because 
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of the recent work of Brueckner, Bethe, and others in which 
nonlocal potentials arise in the self-consistent nuclear struc- 
ture calculation. Frahn and Lemmer have related this problem 
to the solution of Schroedinger's equation with a local poten- 
tial and a kinetic energy operator with a radially variable 
mass. A code previously devised for the ORNL Oraclet 
encompasses this problem and hence may be applied to a 
variety of phenomenological studies involving the use of 
nonlocal potentials or velocity-dependent potentials. This 
computer code secures not only the eigenvalues but also the 
derivatives of the eigenvalues relative to the various param- 
eters (well depth, radius, diffuseness, spin orbit coupling, 
and velocity dependence) thus extending the usefulness of 
calculated eigenvalues to a multispace parameter neighborhood. 
The power of the eigenvalue derivative technique is illustra- 
ted by some applications. 
* Supported by a grant the U. S. Atomic eters —~ vege 


+ Now on leave at Los Alamos Scientific Labora 
t Work carried out with assistance of the ORINS_OR ACLE Applications 


P; ro gram. 


MA3. Covariance of Wick Products in Lagrangians.* F. J. 
BELINFANTE, Purdue University——As discussed, e.g., in a 
preprint' of an article never published, for avoiding zero- 
point energies while yet explaining the Uehling effect in the 
Lamb shift, observables (and, thence, the Lagrangian L) 
should be defined by Furry-Oppenheimer's method (1934) as 
sums of Wick’s S products in the interaction picture and 
should be the transformed thereof in the Heisenberg picture. 
Thus, in #* =ie(hyy —poyty), the undors y@?, if defined 
in interaction pictures for space-like surfaces t=constant, 
equal C‘*),, ¥ with free-electron Casimir projection operators 
C),, but are not undors in the Heisenberg picture. Never- 
theless even in the Heisenberg picture this #* (and not for 
instance je" =ie~y"y) is a four vector. The reason is the 
meaninglessness* of jg* and of the c numbers (j* —je*). There- 
fore Gupta’s new plea for using Wick’s S products in L is 
justified.* 

* Supported by the National Science Foundation. 

1F. J. Belinfante, “A Position Theory Without Holes,”’ (August, 1953), 
pp. 26-27. Compare also F. J. Belinfante, Phys. Rev. 75, 1633 (1949); 93, 
935 (1954); and A. S. Wightman and S. S. Schweber, Phys. Rev. 98, 812 
(1955), footnotes 12 and 47. 


?F. J. Belinfante, Phys. Rev. 76, 461 (1949). 
*S. N. Gupta, Phys. Rev. 107, 1722 (1957). 


MA4. Particle Model in Darling’s Theory of Elementary 
Particles. II. Hans Preistapt, The University of British 
Columbia.—A model of an elementary particle in Darling's 
theory,’ proposed and abandoned? several years ago, is con- 
sidered anew. Instead of complex Hankel functions, which 
lead to a differential equation for the electromagnetic field 
without regular solution, the real Bessel function is used in 
the “world symmetric’’ wave function. [The possibility of 
describing charged particles by real wave functions was 
demonstrated by Schrédinger.*] The equation for the electro- 
magnetic field (corresponding to Eq. (5) in reference 2) now 
has well-behaved solutions; these apparently cannot be ex- 
hibited in closed form in terms of conventional functions, 
but could be obtained by numerical integration. Thus, there 
is no compelling reason to abandon the model proposed in 
reference 2, although at this stage it appears unlikely that 
such a naive model would yield a reasonable mass spectrum. 

1B. T. Darling, Phys. Rev. 80, 460 (1950); 91, 1252 (1953). 


27H. Freistadt, Phys. Rev. 92, 1015 (1953). 
+ E. Schrédinger, Nature 169, 538 (1952). 


MAS. Generalization of Quantum Mechanics.* T. E. 
PuHipps, JR., Operations Evaluation Group.—The postulates of 
quantum mechanics are re-examined for possible deviations 
in the nuclear domain. To make use of the only available 
guidance (correspondence), one must retain the framework of 
linear algebra. This rules out modification of the multiplicative 


associative law, or laws involving addition. There remains 
only the commutative law: any departure must affect the 
Heisenberg postulate. A generalized form, pqg—qp=S, is 
examined. This relation amounts to defining p as the non- 
Hermitean operator (@/dq)S. The classical form of this p 
definition permits equations of motion to be set down by 
direct correspondence with Hamilton-Jacobi mechanics, 
viz., H(qi,pit)¥=—(0/at)S¥, pwe=—(d/dq)S¥, —Piw 
= (/8Q,;)S¥, where P;,Q; are constants. Ordinary quantum 
mechanics corresponds to S being constant (S=h/i), with 
VY =Wo(qi,t)exp[ (i/h)(—2; PiQit+E'te)]. Since S stands in 
the same relation to space and time differentiation, it can more 
generally be any Lorentz scalar function. Hence the formalism 
comprehends in addition to states that satisfy the Heisenberg 
postulate others that do not. The latter are found in a particu- 
lar relativistic formulation to describe electrons in bound 
“nuclear” states of real energy but imaginary momentum. 
The results appear possibly applicable to the description of 
nuclear beta and other processes. 


* Work done at MIT. 


MA6. Feynman Integral in a Canonical Formalism. James 
L. ANDERSON, Stevens Institute of Technology —Feynman' has 
shown how it is possible to recast his integral over all paths 
formulation of quantum mechanics in terms of canonical 
variables. Although he presented the results only for systems 
in flat space and containing only quadratic velocity terms, 
it is possible to apply the formalism to quite arbitrary Hamil- 
tonians. The formulation in terms of canonical variables 
has several advantages over a strictly Lagrangian approach. 
Among other things, transformation theory is more easily 
discussed. Since what corresponds, in the Lagrangian formal- 
ism, to a canonical transformation is in general a very compli- 
cated transformation involving both coordinates and veloci- 
ties. In addition the measure for the functional integral is 
fixed once and for all as contrasted to the situation in the 
Lagrangian formulation where it depends explicitly on the 
form of the Lagrangian. Finally it is possible, in a quite 
straightforward manner to obtain the Schrédinger equation 
directly from the integral without the necessity of actually 
evaluating any integrals. In addition to treating the above 
points in detail we shall show the connection between the 
formalism expressed in terms of canonical and Lagrangian 
variables. 


'R. P. Feynman, Phys. Rev. 84, 108 (1951). 


MA7. Compton Proton Wavelength as the Quantum of 
Length. Leonarp S. Levitt, Stevens Institute of Technology 
(introduced by Winston H. Bostick).—Most of the experimen- 
tally measured lengths pertaining tofundamental nuclear forces 
are integral multiples of the Compton wavelength, A» of the 
proton, where \y=h/moec = 1.32 X10-" cm. Table I shows the 
fundamental nuclear lengths as multiples of \» (which may 
conveniently be called the “compton"’). The probable error is 
given where available. It must be emphasized that all of these 
lengths, so important for their bearing on the theory of nuclear 
forces, are experimental, not theoretical quantities. Fur- 
thermore, the nuclear unit radius Ro for nuclei of A >200 











Taste I. 
Length in cm Length in 
Experimental quantity x10" “comptons” 
?-p singlet force, effective 2.65 +0.08 2.01 +0.06 
n-p singlet force, effective come 2.7 +05 20 +04 
a-p coherent scattering length 3.96 +0.2 3.00 +0.2 
(3.78 0.03) (2.88 +0.02) 
Triplet n-p scattering length 5.38 40.02 4.06 +0. 
s n-n scattering length 15.9 12.0 
Singlet p-p scattering length 17 13.0 
Singlet n-p scattering length 23.7 +0.05 18.0 +0.04 
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has recently been found to be 1.32X10-% cm (=1.00 Xo), 
and the values obtained for Ro of light nuclei by some ten 
different methods range between 1.1 and 1.510-" cm. Thus 
it appears that the true radius of the proton may well be its 
Compton wavelength. 


MAS. Classical Photon-Like Fields. J. S. Lomont, JBM, 
Ossining.—Simple classical wave equations for zero rest mass 
particles which eliminate potentials have been developed. 
Moses! has shown that the free-field Maxwell equation can 
be written in the form e“V,¥ =0, where the four a’s are Dirac 
matrices satisfying a'a* =ia*(cycl.1,2,3), and y is a linear 
function of the field strengths. This equation can be generalized 
to describe zero rest mass particles of any spin >0. For spin s 
the a’s are 4s-dimensional and satisfy the simple relations 
(at, ], =28;;, aia* =ia*(cycl.), a? =I (the unit matrix). The 
components of y are not arbitrary; in a particular representa- 
tion of the a’s 2s—1 components of ¥ must be zero. Particles 
of given momentum can only have spin sparallel and anti- 
parallel to the momentum. Quantization is being investigated. 
However, since no iavariant Lagrangian is known, quantiza- 
tion presents difficulties. 


1H. E. Moses, IMM-NYU 238 (1957). 


MAQ. “Spin” in Classical Mechanics. RacpH SCHILLER, 
Stevens Institute of Technology.—-A generalization of the 
classical Hamilton-Jacobi theory leads to a classical equation 
almost identical with the Pauli equation. This generalization 
is consistent with the dynamical equations of charged particles 
and is necessary if all the possible families of trajectories in 
configuration space are to be incorporated in the Hamilton- 
Jacobi theory. The equations of the generalized Hamilton- 
Jacobi theory are identical with the Pauli equation through 
the first power in h, and, as is the case for the Schrédinger 
equation, the classical solutions agree with those found by the 
WBK method to the same approximation. In addition, this 
classical theory of spin permits one to construct for an in- 
finitesimal time interval the propagation kernel of the Pauli 
equation. This kernel is identical with the one suggested by 
Feynman in 1948. The theory indicates that the spin of the 
electron is not an internal property of the electron, but is 
rather a consequence of its translational motion. The quantiza- 
tion of spin arises because of requirements of continuity for the 
wave function and is similar to the quantization of angular 
momentum in the Schrédinger theory. A similar approach is 
applicable in relativistic electron theory. 


MAIO. Functional Integrals in Field Theory. T. F. Morris. 
McGill University.—A simple definition of integration with 
respect to a set of anticommuting variables has been obtained. 
The usual results for the field propagators are obtained. It is 
observed that the integrals for the complete nucleon propa- 
gators are solutions, subject to certain boundary conditions, 


of a functional differential equation which has the form of a 
Schroedinger equation for a free particle in an infinite dimen- 
sional space. This allows the nucleon propagator to be ex- 
pressed in a new form 


MAII. Connection of Phase Shift and Potential for the 
Dirac Equation.* F. Prats anp J. S. Toit, University of 
Maryland.—Using a method of Gelfand and Levitan, Jost, 
and Kohn! have shown how, for a Schrédinger equation with 
central potential, the potential can be determined (through 
the spectral function) by the pnase shift, plus the energy and 
another arbitrary parameter for each bound state. We present 
a similar procedure, appropriately generalized to matrices, 
for the Dirac equation witha central potential with /o*r™ V(r)dr 
finite, (m=0,1,2). From the analytic properties? in the & plane 
of the radial wave functions, a spectral function is introduced 
The relation between eigenfunctions for two different poten- 
tials involves a kernel, from which the potential difference 
is obtained. The equation (analogous to the Gel’fand-Levitan 
integral equation) for this kernel can be constructed from the 
spectral function and eigenfunctions of the “‘comparison’’ 
potential and the spectral function for the unknown potential. 


»* Supported in part by the U. S. Air Force through the Office of Scientific 
Research of the Air Force Research and Development Command 


1 Jost and Kohn, Kgl. Danske Videnskab. Selskab, Mat.-fys. Medd. 27 
No, 9 (1953). 
2D. ©. Carter, Princeton University Ph.D. Dissertation (1952, un- 


published ). 


MAI12. Generation of Action-Angle Variables in the Many- 
Body Problem.* G. J. Yevick anp J. K. Percus, Stevens 
Institute of Technology.—In carrying out an investigation of 
the modes of oscillatior: of many-body systems,’ we have 
attempted to find suitable action-angle variables. We first 
proceed classically and then transform to quantum-mechanical 
action-angle variables. Ir order to do this, we have found it 
necessary to consider quantum-mechanical generating func- 
tions other than the usual type S(p,g). Major difficulties arise 
in the ordering of the noncommuting quantities. Conditions 
which the quantum-mechanical generating functions must 
satisfy are obtained by insisting that the new coordinates and 
momenta again be canonically conjugate. [n general, the 
resulting equations appear to be very difficult to solve because 
of unlimited possibilities in the ordering of operators, only one 
of which is correct. We have succeeded in finding the generat- 
ing functions for the transformation from the free particle to 
the harmonic oscillator. This was only possible for two of the 
four standard classical forms; the other two appear hopelessly 
involved. The difference between the classical and quantum- 
mechanical generating functions in this example manifests 
itself as a term proportional to fh’. 


* Supported by Office of Naval Research 
‘ y : 


. Percus and G. J. Yevick, Bull. Am. Phys. Soc. Ser. II, 2, 204 
(1957). 

2G. J. Yevick and J. K. Percus, Bull. Am. Phys. Soc. Ser. I], 2, 204 
(1957). 





FRIDAY MorNING AT 9:30 


Panel Room 


(G. N. GLASOE presiding) 


Nuclear Reactions II 


Nl. The 4.97-Mev Level in Ne™. H. E. Gove, A. F.. LirHer- 
LAND, AND A. J. FERGUSON, Chalk River Laboratories.—The 
reaction F® (p,7) Ne* has been employed to study the proper- 
ties of the 4.97-Mev level in Ne® using the Chalk River 
electrostatic generator. Gamma rays from proton capture at 


two resonances at 0.669 Mev (J=1+) and at 1.092 Mev 
(spin unknown) have been measured in two 5 in. by 4 in. 
Nal crystals. Coincidence yield curves established that this 
level was fed by a primary capture gamma ray at both 
resonances, The 4.97-Mev level decays with greater than 
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95% probability to the first excited state at 1.63 Mev. This 
result recently received independent confirmation.' Triple 
correlation measurements established that the 4.97-Mev level 
did not have zero spin. Since it is fed by a primary gamma-ray 
transition from a J =1-+ state it is unlikely to have a spin 
greater than three. The possible participation of the 4.97-Mev 
level in the O'*+<a stellar reaction?“ then suggests that it has 
J=1— or 2+ with the absence of ground-state transitions 
somewhat favoring the latter value. 

' Kruse, Bent, and Lidofsky, Bull. Am. Phys. Soc. Ser. II, 2, 351 (1957). 


?F. E. Salpeter, Phys. Rev. 107, 516 (1957). 
* 4. G. W. Cameron, Chalk River Report CRL-41, June, 1957. 


N2. Level Density in Ne**. C. D. Goopman, Oak Ridge 
National Laboratery,* anp K. S. Lez, MIT.—Level densities 
deduced from (a,p) reactions are not in agreement with those 
from other experiments.' Nitrogen induced reactions are well 
suited for deducing level densities.* 30-Mev alpha particles on 
F" would produce the compound nucleus Na* at the same 
excitation energy as 27 Mev N* on Be’®, if the compound 
nucleus can be formed in these ways. Therefore, the energy 
distributions of protons from Be*(N“,p)Ne® and from 
F¥(a,p)Ne*® have been compared at the above-mentioned 
bombarding energies of N“ and a which are available respec- 
tively at ORNL and at MIT. The (N™,p) reaction leads to a 
level density formula w(E) =Cexp2[e(E—b)}' with a=2.6 
Mev", b=4.9 Mev. The (a,p) reaction at 120° laboratory 
angle shows agreement with the nitrogen reaction from about 
14 Mev to 22 Mev excitation of Ne*, but transitions to levels 
below 14 Mev seem to be enhanced in the (a,p) case. 


* Operated for the U. S. Atomic Energy Commission by Union Carbide 


aT Company. 
1G. Igo and H. E. My gm Phys. Rev. 102, 1364 (1956). 
blished). 


1 DF Goodman and PL . Need (to be pu 


N3. Angular Distributions of Inelastically Scattered Pro- 
tons.* H. A. LacKNER AND H. J. Hausman, The Ohio State 
University —The 6.2-Mev external proton beam of the Ohio 
State University Cyclotron is being used to bombard thin 
targets of various isotopes. The external beam is focused by a 
pair of quadrupole focusing magnets and bent through an 
angle of 15 degrees by a conventional sector-type electro- 
magnet. Detection of charged reaction particles is performed 
by means of a scintiilation detector mounted vertically through 
the lid of the scattering chamber. The lid of the scattering 
chamber rotates on ball-bearings permitting detection at 
various angles. In preliminary experiments, angular distribu- 
tions of protons inelastically scattered from thin targets of 
' magnesium, evaporated onto thin gold backings, have been 
investigated between laboratory angles of 15 deg and 160 deg. 
The angular distributions were performed on the protoa 
groups leaving Mg™ in its first and second excited states of 
1.38 Mev and 4.14 Mev. The experimental angular distribu- 
tions are compared with predictions based upon Butler's 
theory' on direct-type nuclear reactions. Details of the experi- 
ment and results will be described. 


*Su part by the U. S. Atomic Energy Commission. 
1s, ty 4 Rev. 106, 272 (1957). 


N4. A New Excited State in Al*. A. E. Lirnervann, H. E. 
Gove, AND A. J. FerGuson, Chalk River Laboratories.—The 
rotational interpretation of the low lying states of Al** has 
made the observation of higher members of the rotational 
bands of interest.! The Mg™(p,7)AP* reaction has been used 
to search for states of Al**. A coincidence yield curve showed 
the presence of a weak resonance at 1.84 Mev and measure- 
ments showed the presence of gamma rays of energy approxi- 
mately 1.61 Mev, 2.44 Mev, and 4.05 Mev. The 1.37-Mev 
gamma ray from inelastic scattering was not observed. 


These gamma rays are interpreted as a transition to the ground 
state and a cascade transition through the 1.61-Mev excited 
state. The measured branching ratio is 2:3 with the ground- 
state transition being the stronger. The value of wy for the 
ground-state transition was measured to be 0.003 ev. Since the 
1.84 Mev resonance is not observed in the scattering of protons 
by Mg™* it is not possible to deduce the value of the gamma- 
ray width. The angular distributions of the 4.05-Mev and 
2.44-Mev gamma rays have been measured. The measure- 
ments definitely eliminate $, 3, and } for the angular momen- 
tum of the capturing state but do not discriminate between 
§ and 9/2. The implications of this new state to the collective 
rotational model will be discussed. 


1A. E. Litherland ef al., Phys. Rev. 102, 208 (1956). 


NS. Lifetime of the 1.78-Mev State in Si*.* S. M. SHar- 
ROTH AND E. N. Strait, Northwestern University, AND R. A. 
J. Levesque, University of Maryland.—The 1.78-Mev state 
in Si** is being investigated by measuring the Doppler shift 
of the gamma emitted in the Si**(p,p’) reaction at the 3.10-Mev 
resonance. The gamma energy is measured at 0° and 140° 
with respect to the beam direction by means of a scintillation 
counter and a Radiation Counter Laboratories Inc. 256- 
channel analyzer. Thin layers of Si about 100 A thick have 
been evaporated on to 0.05-mil nickel foil. The silicon has 
been bombarded with protons from the Northwestern Uni- 
versity 5-Mev Van de Graaff through the foil so that recoil 
silicon nuclei go forward into vacuum and then decay. The 
observed Doppler shift in vacuum is about 4%. A background 
resulting from Si en the gold beam stopper contributes about 
one third of the 1.78-Mev gammas. ts will be 
discussed in which the Doppler shift is measured for recoil 
silicon nuclei stopping in various media, and a lifetime value 
will be given. 


* Supported by the National Science Foundation. 


N6. Cross Section for the S**(n,a)Si* Reaction as a Func- 
tion of Energy. H. W. Scumitt, Oak Ridge National Labora- 
tory.—The S**(n,a)Si® cross section has been measured as a 
function of energy in the range above 1.4 Mev. A double 
back-to-back ionization chamber was used with krypton gas. 
Monoenergetic neutrons from the 7T(f,n)He® reaction were 
incident on lead sulfide and U™* deposits, situated back-to 
back in the center plate of the chamber; fragments from the 
neutron-induced fission of the U™* were counted to determine 
the number of incident neutrons. Alpha-particle yields were 
determined separately in the forward and backward hemi- 
spheres, i.e., at 0° to 90° and 90° to 180° in the laboratory 
system; the total m,a cross section was obtained from the 
sum. The cross section in general increases with increasing 
energy above 1.4 Mev, although several strong peaks are 
observed. The results agree qualitatively, in the region of 
overlap, with those of Hurlimann and Huber.’ 


'T. Hurlimann and P. Huber, Helv. Phys. Acta 28, 33 (1955). 


N7. Proton Strength Functions from (f,n) Reaction Cross 
Sections.* J. P. ScuirreR anp L. L. Lee, Jr., Argonne 
National Laboratory.—Measurements of the cross section for 
compound-nucleus formation by protons have been extended 
to thirty-one target elements, 37 <A $133, with bombarding 
energies ranging from 2 to 4 Mev.' The thick target yields 
for the (p,) reaction were divided by a barrier penetrability 
factor to yield a quantity closely related to the proton-width 
strength function of nuclei. A maximum in this quantity was 
observed at atomic weight 68 and some evidence for a sec- 
ondary maximum found at atomic weight 50. These 
maxima were tentatively assigned to peaks in the S- and D- 














wave strength functions.? Angular distribution measurements 
taken in an attempt to confirm these assignments have not 
yielded conclusive results. The data also indicate that the 
assumptions of a square well and a spherical nucleus are 
perhaps not fully justified in calculating the barrier penetra- 
bilities in this region of atomic weight. 


* Work performed under the auspices of the U. S. Atomic Energy Com- 


mission. 
1J. P. Schiffer and L. L. Lee, Jr., Phys. Rev. 107, 640 (1957). 
2 B. Margolis and V. F. Weisskopf, Phys. Rev. 107, 641 (1957). 


N8. Alpha Particles and Protons from the Nitrogen Bom- 
bardment of Aluminum. A. ZucKER, Oak Ridge National 
Laboratory.—Aluminum targets, about 0.36 mg cm? thick, 
were bombarded with 28-Mev nitrogen ions. The compound 
nucleus, Ca“, is excited to 40 Mev and may decay by proton 
emission to K®, and by alpha emission to A’. Energy dis- 
tributions for protons and alpha particles were measured at 
six angles from 0 deg to 90 deg. The number of protons or 
alphas per unit beam, divided by the channel energy and 
the capture cross section, plotted as a function of the square 
root of the excitation energy in the residual nucleus yields 
a value of a in the level density formula w=C exp[2(aE)?). 
The data fit this formula well at all angles giving a=5.0+0.2 
for K®, and a=4.1+0.3 for A*’. Angular distributions were 
also measured and are reasonably isotropic for protons, 
whereas they show a definite forward peak for alpha particles. 
An even-odd effect was found in the level density ef the 
residual nuclei, K® having about 2.5 times the level density 
of A*?, In general, the nitrogen-aluminum reaction bears out 
the predictions of the statistical theory for the decay of a 
compound nucleus. 


N9. Nitrogen-Induced Nuclear Reactions in Potassium. 
M. L. Havsert, J. J. Pinayian, anD A. ZucKER, Oak Ridge 
National Laboratory—Bombardment of K® by 28-Mev 
nitrogen ions results in the compound nucleus Fe** excited 
to more than 40 Mev. For eight of the residual nuclei, repre- 
senting end products of at least ten reactions, excitation 
functions have been measured by activation. Thick targets, 
containing natural K, were bombarded in the ORNL 63-in. 
cyclotron. When required, nickel foils were used to degrade 
the beam energy below 28 Mev. Each target was then chemi- 
cally processed to separate the different elements and the 
various fractions were beta-counted. Preliminary results 
are given below. In each case, we list first the observed residual 
nucleus; second, the simplest particle or group of particles 
leading to this nucleus by emission from Fe™; and third, the 
measured cross section in millibarns at 27 Mev. (1) Fe®, 
n: 0.3; (2) Mn*®, p: 3; (3) Mn™™, p: 0.2; (4) Cr®, a: 0.2; (5) 
Mn*®, pn+2n: 5; (6) V%, ap: 5; (7) V4", apn+a2n: 1; (8) Ti*, 
2a: 1. Also observed was 9-min Fe®, probably due to reactions 
on K*. Reactions involving K“ might also account for an 
appreciable part of the yields of the other residual nuclei, 
particularly the first four listed. Some of the data have been 
used in approximate calculations based on the statistical 
theory of compound-nucleus decay. The Mn®/Fe® ratio 
furnishes information on the odd-even factor in the level 
density. 


N10. Levels in Cr, Cr®*, Cr5*, and Cr*#.* D. M. Van 
Patter, W. C. Porter, M. A. ROTHMAN, AND C. E. MANDE- 
VILLE, Bartol Research Foundation.—Inelastic proton spectra 
from targets of natural chromium and targets enriched in 
Cr®, Cr, and Cr™ have been studied for bombarding energies 
in the region of 4.3 to 4.6 Mev using a double-focusing mag- 
netic spectrometer, at angles of observation of 91.5° and 
136.2°. The enriched targets were prepared by the vacuum 
evaporation of Cr.O; from a smali carbon crucible mounted 
on a tungsten filament onto gold leaf backings. Surveys were 
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taken up to at least 2.0-Mev excitation. The following level 
energies in kev were determined: Cr® 780+3; Cr® 143245; 
Cr® 56243, 100644, and 1287+5; Cr* 842+6. The new 
level in Cr® occurs at the energy expected for the first 2+ 
state, and hence the recent assignment of Sinclair! of a 787 
+10-kev y ray observed from the Cr® (n,n’y) reaction has 
been verified. Inelastic proton groups corresponding to the 
known second excited states of Cr® and Cr™ were not of 
sufficient intensity to be observed 

Research of the Air 


* Assisted by the Air Force Office of Scientific 


Research and Development Command. 


1R, M., Sinclair, Phys. Rev. 107, 1306 (1957 


N11. Excited States of Cu™ and Cu®.* R. P. pe FIGUEIREDO, 
M. Mazari, anp W. W. Buecener, MJ7T.—The proton 
groups arising from the deuteron bombardment of thin 
targets enriched in Cu® and Cu® have been studied with a 
broad-range magnetic spectrograph at various angles of 
observation. The deuterons were accelerated to energies 
ranging from 6.00 to 6.55 Mev by the MIT-ONR accelerator 
The Q values for the transitions to the ground states of Cu™ 
and Cu® are, respectively, 5.691+0.008 and 4.832+0.008 
Mev. In the excitation region up to 3.80 Mev, sixty-five 
levels in Cu and fifty-five levels in Cu have been measured. 
The first ten levels in Cu are at 0.159, 0.277, 0.343, 0.360, 
0.574, 0.607, 0.664, 0.743, 0.877, and 0.894 Mev, and the 
first five levels in Cu® are at 0.183, 0.272, 0.383, 0.462, and 
0.589 Mev, the uncertainty in all of these levels being +0.008 
Mev. 


f the Office 


* This work has been supported in part by the joint program 
of Naval Research and the U. S. Atomic Energy Commission 


N12. (d,p) Reactions of the Nickel Isotopes Ni™ and Ni®*.* 
C. H. Paris anp W. W. BuecHNER, MJT.—Thin targets 
enriched in Ni®* and Ni®, as well as targets of natural nickel, 
have been bombarded with deuterons from the MIT-ONR 
accelerator, and the resulting proton groups have been studied 
with the broad-range magnetic spectrograph at angles of 30, 
50, and 90 deg. An incident deuteron energy of 7.01 Mev 
was used. The Q values of the (d,p) reactions leading to the 
ground states of Ni® and Ni®™ were found to be 6.775 and 
5.597 Mev, respectively. In Ni®, the first nine levels are 
measured at 0.338, 0.464, 0.878, (1.186), (1.299), (1.337), 
1.680, 1.754, and 1.768 Mev; while in Ni® the first eight 
levels are measured at 0.070, 0.285, (0.657), 0.913, 1.103, 
1.135, 1.188, and 1.454 Mev. The levels in parentheses are 
the ones for which the assignment is still preliminary. For 
each of these nuclei, a large number of higher excited states 
has been observed. 


* This work has been supported in part by the joint program of the Office 
of Naval Research and the U. S. Atomic Energy Commission 


N13. Coulomb Excitation of Xenon. G. F. Pierer anp C. E. 
ANDERSON, Yale University, AND N. P. HEYDENBURG, Carnegie 
Institution of Washington—Normal Xe and two enriched 
samples of Xe, one enriched in the light isotopes the other 
in the heavy isotopes, were Coulomb excited by 6.45-Mev 
alpha particles. The following first excited state transitions 
(0+—2*) were observed in the even-even isotopes: Xe™, 
445-kev; Xe™, 535-kev; Xe', 670-kev. The gamma ray at 
875-kev previously reported! for Xe™ was found to be due 
to O"7 following the strong N"™(a,p)O" reaction in the small 
amount of N™ present in the gas samples. No gamma ray 
was observed for Xe’. The following gamma rays were 
found in the odd isotopes: Xe™, 290-kev; Xe", 290-kev and 
355-kev. Relative B(E2) values will be given 


1N. P. Heydenburg and G. M. Temmer, Bull. Am. Phys. Soc. Ser. II, 1, 
164 (1956). 
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General Physics 


Pl. Stabilization of the Pinch Effect Using a Longitudinal 
Magnetic Field. M. A. Levine, Air Force Cambridge Research 
Center, L. S. Compes, W. Fitzsimmons, AND S. ZIMMERMAN, 
Tufts University—The pinch or Bennett-effect* (the self- 
magnetic contraction of an ionized gas carrying a large Am- 
perian current) has been shown to be unstable.** The mixing 
of a longitudinal field with the pinch field has been considered 
and found inadequate.* However, the H-centered pinch’ 
with a completely trapped longitudinal field giving an orthogo- 
nal rotation of the H-vector across the plasma boundary 
gives almost complete stability. In fact, when used in con- 
junction with a conducting shell, this configuration is com- 
pletely stable. Experimental evidence of this in a gas at 10 
microns using image convertor pictures is reported. 

1 This work antedates that reported by M. Rosenbluth, Third Inter- 
— Conference of lonization Phenomena in Gases (Venice, June, 1957). 


. H, Bennett, Phys. Rev. 45, 890 (1934). 
Mi. Kruskal and M. Schwarzchild, pees Roy. Soc. (London) A223, 348 


(1954 
« Bostick, Combes, and Levine, Final Report AF19(122)-89, (Tufts 


University) (unpublished . 
§J. Tuck and M. Kruskal, Los Alamos Sci. Lab. Rept. LA-1716 (No- 
veriber, 1953) (unpublished). 
*R. H. Lovberg, 10th Ann. Gaseous Elec. Conf. Mass. Inst. Tech. 
Cr 1957). 
. A. Levine and L. S. Combes, Tufts University Scientific Note 
No. . (December, 1954) (unpublished). 


P2. High-Field Plasma Accelerator. DAvip FINKELSTEIN, 
Stevens Institute of Technology and New York University.—A 
device for the production of relativistic plasmas has been 
designed using a fast capacitor bank being assembled at 
Stevens. It is to be an induction accelerator acting on an 
ionized gas. Because of hydromagnetic instabilities associated 
with the self-magnetic field of the beam, a high external 
field is to be used, using a modification of the pulse techniques 
employed by Furth, Levine, and Wanniek.' The coil is being 
designed and built with the aid of Brookhaven National 
Laboratory. It consists of a single heavy-walled turn shaped 
to satisfy the betatron equilibrium and weak-focusing cri- 
terion. The device, called the Megatron (mega-gauss betatron) 


has an orbit radius R=1 inch and the expected electron 
energy is 100 Mev. The capacitor bank and switching methods 
will be described. 

1 Furth, Levine, and 


(1956); 2, 7 (1957). H. P. Furth and R 
195 (1956). 


P3. A Method of Accelerating a Gas to High Velocities with 
a Magnetic Field.* R. M. Patricx, A VCO Research Labora- 
tory (introduced by A. Kantrowitz).—A coaxial cylindrical 
geometry has been used to accelerate a gas between two con- 
ducting cylinders. The acceleration mechanism works as 
follows. A low-frequency (1 kilocycle) discharge through a 
solenoid placed around the coaxial cylinders produces a 
uniform magnetic field in the axial direction inside the cylin- 
ders. At the time of maximum axial field strength a discharge 
between the two cylinders is initiated from a condenser bank 
with a ringing frequency of over 200 kilocycles. The body 
force due to the radial current between the two cylinders and 
the azmuthal magnetic field produced by the current flowing 
in the cylinders results in an acceleration away from the 
point of initial breakdown in the axial direction. Conditions 
have been produced where the mean free path for ions and 
electrons is longer than their gyro radius in a magnetic field, 
and with the mean free path small compared to the radial 
distance between the cylinders. Measurements have been 
of the light emitted by the accelerated gas, the local magnetic 
field strength, the radial gas current, and the velocity of 
the gas. 

7 

This research was supported by the U. S. ae oe 


Force Office of Scientific Research uf the Air 
Command. 


P4. Molecular Dissociation Following Beta Decay in CH;T. 
FRANCES PLEASONTON AND ARTHUR H. SNELL, Oak Ridge 
National Laboratory.—Monotritiated methane is dissociated 
following nearly every beta transformation of the constituent 
T to He*. Usually the neutral He* simply departs from the 
molecule, leaving CH;*. Sometimes, however, additional 


Il, 1, 190 
v. Sci. Instr. 27, 


Wanniek, Bull. on. Phys. Soc. Ser. 


Wanniek, Re 
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hydrogens are split off, yielding CH:+, CH*+, and C+. When 
this happens, the hydrogens are usually neutral. The ions 
CH:*, CH*, and C+ are observed in approximately equal 
abundance. Traces are also found of C++ and CH:**, but not 
of CH** and CH;*+. There is slight evidence for the He® 
remaining bound as CH;He*®, CH:He?, and CHHe? for at 
least as long as it takes the ions to pass through the analyzing 
spectrometer. 


PS. Possible Sources of a Lunar Atmosphere. L. B. Borst, 
New York University, AnD W. F. Epwarps, California Institute 
of Technology.—Radio astronomy observations! are best inter- 
preted by assuming a lunar atmosphere of 2-6X10-" ter- 
restrial atmospheres. Since the gravitational field is unable 
to hold terrestrial gases, O2:, N2, A, and etc., krypton and 
xenon are proposed as the only permanent gases. Of the 
sources considered, three age quantitatively possible (a) 
spontaneous fission of U™*, (b) radioactive decay of primeval 
I, and (c) trapped primeval Kr and Xe. Rejected sources 
are (a) cosmic ray neutron fission, and (b) neutron fission 
from O'* (a,n) Ne*. The atmospheric composition will be 
sensitive to the formation mechanism. 


1B. Elsmore, Phil. Mag. 2, 1040 (1957). 


P6. Production of X-Rays in Aurorae. PAUL J. KELLOGG, 
University of Minnesota and Naval Research Laboratory.— 
Calculations have been carried out on the mechanism pro- 
posed! to explain the production of x-rays during auroral 
dispiays.? The steady state of the collision of an infinite gas 
cloud with the earth is treated, using a magnetohydrody- 
namic approach which differs somewhat from the conven- 
tional approach in that pressure and collisions are neglected. 
Theearth makesa hole in thecloudand thesurfaceof theholehasa 
characteristic thickness / given by (1/!*) = (8re?No/c?)[(1/M) 
+(1/m)] where N, is initial ion density of the cloud, @,M 
are proton and electron masses. If this length is much less 
than the curvature of the surface, a one-dimensional approxi- 
mation is justified. In this approximation, the acceleration of 
the electrons is independent of N,. Results of calculations of 
the acceleration of the electrons will be presented. 


1P. J. . Phys. Rev. 108, 1093 (1957). 
2j. Fy ee « he L. Peterson, Phys. Rev. 108, 903 (1957). 


P7. New Acceleration Mechanism for Auroral Particles.* 
S. F. Sincer, University of Maryland.—Acceleration of solar 
protons (mean energy ~20 kev) to auroral energies (~1 Mev 
as deduced from atmospheric penetration) is a longstanding 
problem. Our acceleration mechanism operates near the earth 
on “trapped"’ protons; these oscillate back and forth along 
magnetic force lines while drifting azimuthally to produce 
the magnetic storm ring current.! We describe two basic 
processes. (1) “Fermi collisions’ with hydromagnetic waves 
which are excited by solar protons and guided by lines of 
force; their existence also explains observations of geomag- 
netic micropulsations. (2) Induction acceleration via the 
earth’s field by bunched protons; this also explains observa- 
tions of vif radio emissions. The two processes in “push- 
pull” keep the proton’s pitch angle from becoming too small 
too soon. Thus the proton gains much energy before it 
breaks out of the trap and into the atmosphere. This statistical 
acceleration process leads to an energy spectrum as suggested 
observationally. The push-pull scheme may also be important 
for galactic cosmic ray acceleration.? 

* Assisted by the Air Force Office of 


1S. F. Singer, T: Am. Geophys. Union 38, 175 (1957) 
. , irans. 5 n e 
2C. Y. Fan, Phys. Rev. 101, 314 (1956), 


P8. Sputtering by Ions with Energies above 50 kev. 
Davip T, GoLDMAN* AND ALBERT Stmon, Oak Ridge National 
Laboratory.—Sputtering calculations at low energy involve 


SESSION P 


complicated analysis of surface interactions. As the energy 
of the ion increases, however, a simplifying feature emerges. 
The range of the incident ion becomes large compared to the 
mean free path of the primary and knock-ons. Hence the 
displacement rate may be taken as uniform in depth and 
relatively simple solutions are obtained for the sputtering 
rate. A solution is obtained by assuming that the average 
number of secondaries, 7, are all produced at the initial 
displacement point. In addition, the macroscopic scattering 
and absorption cross sections are adjusted to make the average 
number of collisions of each particle equal to the actual average 
over the secondaries. The problem can then be treated as one- 
velocity diffusion. The resultant sputtering ratio, R, varies 
with incident energy, E, incident angle, y, and mass ratio, 
u=M;/M,, as 
InE u 
‘ied epee 
Ecosy (1+ 4)? 

Details of more exact solutions and numerical results will 
be presented. 


* Present address: University of Maryland. 


R 





P9. High-Intensity, Low-Energy, N.*, O.* Ion Source.* C 
J. Cook anp J. R. Peterson, Stanford Research Institute.—In 
order to facilitate certain very low-energy atomic and molec- 
ular impact studies requiring comparatively high beam 
currents, an electrodeless, radio-frequency-excited ion source 
has been developed from the ideas of Thonemann.' A 25-me rf 
generator is inductively coupled to a plasma whose density 
is increased by an axial magnetic field. Operating at a pressure 
of 5-8X10-* mm Hg in the plasma region, Nz or O: gas is 
consumed at about 0.6 cc/min. The 1 cm-diameter extraction 
port is differentially pumped. Focusing characteristics of the 
beam are optimized at extraction energies of 2.5-3.0 kev. 
Beams of 2 ma have been observed under these conditions, 
with energy half-widths of 8-15 ev, and consisting of 60-80% 
N2*(O.*) and 40-20% N,*(O,*). A periodic axially sym- 
metrical electrostatic field collimates the ion beam to an 
area less than 0.6 cm? at 12 cm from the source. The narrow 
energy spread in the beam will allow relatively large currents 
to be obtained, by deceleration, at very low energies. The 
source is also applicable to high-energy accelerators requiring 
a monoenergetic ion source. The present source has delivered 
milliampere beams for about 250 hours with negligible 
deterioration. 


* This work has been supported by the National Advisory Committee for 


Aeronautics. 
'P. C. Thonemann and E. R. Harrison, AERE, GP, R1190 (Harwell, 


1955). 


P10. Stripping Cross Sections of Negative Hydrogen Ions 
between 0.4 and 2.0 Mev in H:», O:, A, and CO». P. H. Rose, 
R. J. Connor, anp R. P. BastipeE.—Measurements of the 
stripping cross sections of H~ ions in gas targets were made 
in the energy range 0.4 to 2.0 Mev. The positive and negative 
beam components emerging from the gas target were measured 
using Faraday cages and sensitive galvanometers in the 
conventional manner. A temperature compensated calorim- 
eter with a sensitivity of 0.5 mw per centimeter deflection 
and time constant of 5-minutes was used to measure the 
neutral component of the beam. The results show the ex- 
pected variation of cross section with Z and extrapolate 
smoothly on to the cross sections obtained by Stier and Bar- 
nett! at lower energies. 


1P. N. Stier and C. F. Barnett, Phys. Rev. 103, 896 (1956). 


P11. The Residual Concentration of a Daughter Substance 
Removed by a Bimolecular Reaction. Jerome RoTHsTEIN,* 
Edgerton, Germeshausen & Grier, Inc.—Consider an initial 
concentration N» of a parent substance transforming mono- 
molecularly into a daughter substance. The differential 
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equation giving the concentration m of the latter subject to 
the condition that the daughter substance is removed by a 
bimolecular reaction is reduced to the form y’ =e*—y,*. 
The solution is given in graphical and tabular form, and several 
approximations analyzed. The measurement of decay con- 
stants in terms of reaction constants and vice versa is dis- 
cussed. Possible applications to studies of chemical kinetics, 
lattice defects, order-disorder transformations in_ solids, 
electronic processes in semiconductors and phosphors, re- 
combination of ions in liquids and gases, and tracer studies 
in vitro and in vivo are mentioned. 


* Work done at the U. S. Army Signa! Engineering Laboraturies. 


P12. Investigation of Equivalent Single Ion, Na“, Activities 
of Drilling Mud Filtrates.* Leonarp B. Lipson anp HAROLD 
L. Overton, University of Houston (introduced by Leonard B. 
Lipson).—The analysis of data from electrical logs made in 
bore holes makes use of E,, = —Kloga,/am;, where E,, is the 
spontaneous potential observed in the bore hole, K is a 
temperature dependent constant, ay is the mean ionic activity 
of the connate water in the formations penetrated, and any 
is the mean ionic activity of the drilling mud filtrate in the 
bore hole. Since drilling mud filtrates are made up of complex 
mixtures of organic and inorganic substances, it is extremely 


difficult to determine representative mean ionic activities. 
However, an approximate solution to the equation has been 
used for sometime as a practical expedient, by assuming that 
both the connate waters and drilling mud filtrates are pure 
NaCl solutions. An improved solution to the problem is 
presented in this paper, by using a method which enables 
determination of the equivalent single ion, Na*, activity of 
the ions in drilling mud filtrates by comparison with standard 
NaCl solutions, which are separated by cationic membranes 
from the filtrates. In the range of interest, the mean ionic 
activity and the equivalent single ion, Na*, activity are 
approximately equal. Two hundred and fifty filtrates from 
laboratory and field muds were investigated. Systematic 
deviations from pure NaCl solutions are explained in terms 
of gross chemical properties of the filtrates. 


* This research was supported by Schlumberger Well Surveying Cor- 
poration. 


P13. Kinks in Properties of Liquids. GEorGE ANTONOFF, 
New York, anv ALexis Yakrmac, Miami Beach.—Investiga- 
tion of latest data indicates invariably that kinks occur 
according to a definite law in all cases known. They indicate 
that the structure of matter is entirely different than is 
generally supposed. 
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Governor Clinton 


(R. M. Bozortu presiding) 


Ferro-, Ferri-, Antiferro-Magnetism 


PA1. High-Frequency NMR in Antiferromagnetic CoF, and 
FeF;. Temperature Dependence of M. V. Jaccarino, R. G. 
SHULMAN, AND J. L. Davis, Bell Telephone Laboratories, AND 
J. W. Stout, University of Chicago.*—NMR of F*® nuclei in 
antiferromagnetic single crystals of CoF:(7Ty =37.7°K) has 
been observed in the frequency range 130—180 Mc/sec, with 
external fields of 3-9000 oe. As in the case of MnF;,' the tem- 
perature dependence of the sublattice magnetization, M, 
was determined with high accuracy, by extrapolating the 
frequency for resonance to zero external field. In the tempera- 
ture range 1.3—20.4°K the deviation of the magnetization, 
M(0)— M(T), follows a T*” law. From measurements made 
with Ho<3 oe at 1.3°K and 4.2°K we have obtained »9(0) 
+0.010 Mc/sec. The field dependence of the resonances re- 
vealed that the spin susceptibility with H» || [001], is large 
even at the lowest temperatures.* Similar measurements were 
made on FeF; (Ty =78.4°K) in the frequency range 173-185 
Mc/sec. From these we have obtained »o(0) = 183.218+0.015 
Mc/sec. 

* The work at the University of Chicago was supported in part by the 
fe of Naval Research. 


Tenn R. G. Shulman, Phys. Rev. 107, 1196 (1957). 
2 J. W. Stout and L. M. Mattarrese, Revs. Modern Phys. 25, 338 (1953). 


PA2. Domain Structure in Paremagnetic Salts at Very Low 
Temperatures. R. C. Sapp, University of Kansas.—The mag- 
netic properties of single crystal ferric ammonium alum 
below its transition point are different in some respects from 
these of antiferromagnetic crystals such as chromic methyl- 
amine alum.! The initial susceptibility as a function of entropy 
shows a broad flat maximum rather than a sharp peak. As a 
function of applied field at constant entropy, the differential 
susceptibility displays a small anisotropy but no maximum 
in the presence of moderate fields. Such observations may be 
related to the hypothesis by Kittel® of the formation of ferro- 


magnetic domains, saturated by dipolar forces at tempera- 
tures below 0.1°K, in a system of dipoles on f.c.c. or b.c.c. 
lattices. Such domains are compared with Neel's antiferro- 
magnetic domains* as to their magnetic and thermal properties. 

Cc. Dempsey and B. C. Sase, Fine 6 nter. Conf. on Low Temp. 
Phys. oa Chem. (Madison, Wisconsin, August 26-31, 1957). 


+ i Kittel, Phys. Rev. 82, 965 (1951). 
Neel, Proc. Conf. Theoret. Phys. Tokyo (1953), p. 711. 


PA3. Magnetic and Electrical Properties of Nickel-Iron 
Ferrite. L. Effects of Magnetic Heat Treatment.* K. Dwicat 
AND N. Menyuk, Lincoln Laboratory.—Measurements of the 
anisotropy constants of nickel-iron ferrites and nominally 
nickel ferrites of unknown composition have been widely 
reported in the literature.! Most of the results quoted are in 
relative agreement at room temperature with a wide diver- 
gence at 77°K. At the latter temperature Healy® obtained a 
positive value for K, while other authors have obtained 
negative values which are widely scattered. We have measured 
the crystalline anisotropy of a single crystal of nickel-iron 
ferrite of composition Fe, .o*+[Nio.s**Feo.s**Feo.s** JO. after 
heat treating it in a magnetic field at ca 100°C along each of 
the principal cry=talline axes. Measurements of K,; at room 
temperature after the heat treatment along different axes 
showed little variation ; however, as the ture is reduced 
further, the divergence increases. At 77°K the value of K, 
can be either positive or negative, depending upon the heat 
treatment. The divergent results had previously been at- 
tributed to compositional variations but our experiments 
show that a knowledge of sample history is essential for a valid 
analysis of nickel-iron ferrite data from different sources. 

> 
nec TES Sn doce egypt Sate ee Rate 


Williams, Phys. Rev. 99, 1788 (1955S). 
:D. w. Healy, Phys. Rev. 86, 1009 (1952). 








42 SESSION PA 


PA4. Magnetic and Electrical Properties of Nickel-Iron 
Ferrite. II. Low-Temperature Transition.* N. MENYUK AND 
K. Dwicut, Lincoln Laberatory.—The crystalline anisotropy 
of a single crystal of nickel-iron ferrite 


Fei.o**[Nio.s**Feo.s¢** Feo s** JO. 


undergoes a transition slightly above the temperature of 
liquid helium. The transition is sharp, with over 80% of the 
anisotropy change occurring in the three degree interval from 
6.0°K to 9.0°K. Above the transition region the anisotropy 
is small and dependent upon the state of the sample (see 
preceding abstract). Upon cooling through the transition 
point with the sample oriented in a saturating magnetic field, 
the direction of the field determines the easy magnetization 
direction in the low-temperature region. When a (110) faced 
disk sample is cooled with the magnetic field in a [111] 
direction, the other [111] axis on the same face, which is 70° 
removed, is found to be an equally easy magnetization direc- 
tion. This seems to indicate that, unlike magnetite, the crystal 
symmetry remains unaltered through the transition. The 
saturation moment of the sampie remains unchanged through 
the transition. However, the electrical conductivity undergoes 
a low-temperature transition, indicating an electron ordering 
phenomenon. 


* The research in this document was me jointly by the Army, 
Navy, and Air Force under contract with MIT. 


PAS. Onset of Ferromagnetism with Increasing Fe Content 
in Fe-Cr Alloys. A. AkRott anp H. Sato, Ford Motor Com- 
pany.—A study of magnetic isotherms from 2°K to 300°K in 
the Cr-rich Fe-Cr alloys has been carried out. Earlier work' 
on the paramagnetic compositions 1, 5, 10, and 15% Fe has 
been supplemented by measurements on weakly ferromagnetic 
20 and 27% Fe. The M®* vs H criterion for ferromagnetism? 
has been applied to show that the 20% alloy has a Curie 
temperature just above liquid helium temperatures while the 
27% alloy becomes ferromagnetic near 160°K. The nonlinear 
variation of Curie temperature and magnetic moment with 
composition observed here is in contrast to the linear behavior 
in the Fe-rich alloys. Rather than a collective electron ap- 
proach suggested by the temperature dependence of the 
paramagnetic alloys an attempt is made to explain the results 
on the basis of nearest neighbor iron-iron interaction alone, 
the importance of the nearest neighbor interaction having 
been well illustrated by the Fe-Al system. A modified Bethe 
type calculation for the magnetic properties of a disordered 
alloy has been tried with a certain amount of success in fitting 
the observations. 


1A, Arrott, Boston Magnetism Conf. Am. Inst. Elec. Engrs. (1956), 
2 


p. 4 
2A. Arrott, Phys. Rev. (to be published). 
3H. Sato and A. Arrott, J. Appl. Phys. (to be published). 


PA6. Study of Manganese Ferrite-Chromites by Neutron 
Diffraction.* S. J. Pickart, U. S. Naval Ordnance Laboratory, 
Brookhaven National Laboratory, and University of Maryland. 
—The magnetization of a series of ferrimagnetic compounds, 
(MnFez;Cr0O.) (0<t<2), has been reported by Gorter! 
to be at variance with the Néel antiparallel model. For this 
reason a low-temperature neutron diffraction study of two or 
these compounds (¢=1.0 and 1.5) where the discrepancy is 
pronounced has been undertaken. Measurements with the 
application of an external field at low temperatures gave 
information on the nuclear structure parameters, the moments 
of the individual A and B sublattices, and their variation with 
temperature. From the diffraction patterns one may conclude 
that for these compositions there occurs no long-range ordered 
arrangement of angles within sublattices of the type postulated 





by Yafet and Kittel,? at least down to liquid helium tempera- 
tures. 

* This work was carried out at Brookhaven National Laboratory under 
the auspices of U. S. Atomic Energy Commission and National Security 
Agency. 

1E, W. Gorter, Philips Research Repts. 9, 403 (1954). 

2Y. Vafet and C. Kittel, Phys. Rev. 87, 290 (1952). 


PA7. Neutron Diffraction Investigation of the 119°K 
Transition in Magnetite.* WaLtTeR C. HamiL_ton, Brookhaven 
National Laboratory (introduced by J. M. Hastings).—-Neu- 
tron diffraction studies of synthetic single crystals of magnetite 
indicate that the transition to the orthorhombic form at 
119°K is an order-disorder transition and confirm the ordered 
model proposed by Verwey et al.! The forbidden (002) reflec- 
tion has been observed, and, when a magnetic field is applied 
at 40° to the c axis in the (110) plane during cooling in order 
to remove the a-b twinning, changes in intensity confirm 
the ordering and indicate that the ferric ions lie in rows along 
the [110] direction perpendicular to the field, and the ferrous 
ions in rows along the [110] direction in the plane of the field 
and the c-axis; the magnetic moments of all ions lie along the 
¢ axis. 

* Research performed under the auspices of the U. S. Atomic Energy 


Commission. 
1 Verwey, Haayman, and Romeijn 


J. Chem. Phys. 15, 181 (1947 


PA8. Defects on a Dipole Lattice.* A. Istuara, University 
of Maryland.—Effects of defects on dipole interactions in a 
simple cubic lattice are calculated. When the concentration 
of defects is small, thermodynamical functions are linearly 
dependent on the concentration. The Curie temperature in 
the three-dimensional lattice is raised or lowered linearly 
with the concentration according to whether the defects have 
stronger or weaker dipole interactions with their neighbors 
than the interactions which the rest of atoms have. Lattice 
vacancies also reduce the Curie temperature. The specifi 
heat and electric susceptibility of defect lattice are calculated. 
In the presence of an homogeneous electric field, there exists a 
critical field which is influenced by defects 
Air Force through the Air Force 


* This work was supported by the U.S 
Office of Scientific Research 


PA9. Observation of Magnetic Domains in Some Ferro- 
spinels and Compounds Related to Magnetoplumbite Utilizing 
the Faraday Effect. R. C. SHerwoop, J. P. Remerka, anp H 
J. Wrtiiams, Bell Telephone Laboratories —Magnetic domains 
have been observed by means of the Faraday effect in thin 
(~0.003 cm) crystals having the hexagonal magnetoplumbite 
structure and in lithium ferrite. A series of compositions having 
the general formula PbFe;i:_-)Al-O.. was investigated. This 
technique was previously used for observing domains in thin 
films of Fe-Ni by Fowler and Fryer,! in crystals with the 
garnet structure by J. F. Dillon,? and in crystals of MgFe.O0, 
by P. A. Miles.* We have also observed domains in crystals 
of MgFe.O,, in agreement with the latter, and in thin films 
formed by evaporating MgFe.O,. Thin specimens (~0.01 
cm) of Cd and Zn ferrites were found to be transparent at the 
red end of the visible spectrum while Co, Ni, and Cu ferrites 
were opaque. The Faraday rotation was 1100°/cm for MgFe.O,, 
1000°/cm for LiosFe:;O., and 4500°/cm for PbFe;;Al,Ojs. 
Absorption coefficients were measured for these two com- 
pounds for radiation having wave lengths from 0.2 u to 20 uw 
Low values were obtained between approximately 0.65 w and 
12 ». Domains were also observed with a snooperscope 
utilizing only infrared radiation. 

1 Charles A. Fowler, Jr., and E. M. Fryer, Phys. Rev. 104, 552 (1956). 

2J. F. Dillon, Jr., Bull. Am. Phys. Soc. Ser. II, 2, 238 (1957). 


3P. A. Miles, Progr. Rept. No. 21, p. 19 (Laboratory for Insulation 
Research MIT. 


PA10. Exchange Resonance Experiments on Ferrimagnetic 
Single Crystal Garnets.* Srmon Foner, Lincoln Laboratory.— 
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Recent magnetic investigations' on some rare-earth iron 
garnets showed compensation points and indicated that 
relatively low effective fields act on the rare-earth ion. 
Pulsed fields? and radiation of 36 kmc/sec and 70 kmc/sec 
were employed to observe exchange resonance in some of these 
garnets from 4.2°K up to the compensation point. Techniques, 
similar to those used earlier for antiferromagnetic resonance 
experiments’ in MnF; and Cr,O;, were employed. From these 
exchange resonance results and magnetic moment measure- 
ments, values of the exchange field acting on the rare-earth 
ion were determined as a function of temperature. The results 
appear to be somewhat smaller than those calculated using the 
more indirect magnetization measurements. Effects of applied 
field, anisotropy and g-value dependences are discussed. De- 
tailed results for gadolinium iron garnet*-* and preliminary 
results for other garnets are presented. 

* The research reported in this document was supported jointly by the 
Army, Navy, and Air Force under contract with MIT 

!R. Pauthenet, Compt. rend. 242, 1737 (1956). 

*S. Foner and H. H. Kolm, Rev. Sci. Instr. 28, 799 (1957); 
(1956). 

+S. Foner, Phys. Rev. 107, 683 (1957 

‘A preliminary report of this work was included in a paper (39-4) 
presented at the Fifth Inter. Conf. on Low Temp. Phys. and Chem. (Madi- 
son, Wisconsin, August, 1957). 

* This garnet crystal was kindly furnished by Dr. W. P. Wolf and Dr. 
G. P. Rodrigue of Harvard University. 
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PAI1. Theory of Double Resonance in Nearly Compen- 
sated Ferrimagnetics. E. ScHLOMANN, Raytheon Manufactur- 
ing Compuny.—The microwave properties of nearly compen- 
sated ferrimagnetics placed in a dc magnetic field, a strong 
rf magnetic field (pumping field) parallel to the dc field, and a 
weak rf magnetic field perpendicular to the dc field are dis- 
cussed. For zero pumping field, the theory predicts two 
absorption lines associated with the two possible modes of 
gyration of the sublattice structure.' The two modes are 
excited by circularly polarized radiation of opposite senses 
of polarization. Their frequencies depend on the dc field, 
the exchange coupling, and the anisotropy fields acting on 
the two sublattices. If the frequency of the pumping field 
equals the sum of the two resonant frequencies the pumping 
field can transfer power to the two sublattice modes. Unstable 
growth of these modes occurs as the amplitude of the pumping 
field approaches a critical value approximately equal to the 
geometric mean of the line widths of the two resonances. 
Potential applications of this effect with regard to microwave 
amplification will be discussed. 

1R. K. Wangsness, Phys. Rev. 97, 
(1956). 


831 (1955); Am. J. Phys. 24, 60 


PA12. Magnetic Properties of the Spinel Series MnCr2_- 
Al,O,. P. L. Epwarns, U. S. Naval Ordnance Laboratory and 
University of Maryland.—The saturation mement Mo of the 
normal spinel MnCr2O,, which has been reported as 1.25 ys’ 
(corrected value), differs from the 1 yg required by an anti- 
parallel arrangement of saturated A and B sublattices. 
Gorter? suggested that this might be caused by angles on 
the B sites according to the Yafet and Kittel (Y and K) 
model. The series MnCr2_,Al,O, seemed a good system with 
which to test the Y and K model. The cell edge varies linearly 
with ¢, being 8.432 A for MnCr,0, and 8.205 A for MnAl.O,, 
which, considered with an x-ray evidence that at least 95% 
of the aluminum goes on the B sites, indicates that the entire 
series is essentially normal. Mo is 1.16 us for t=0 increasing 
to 1.37 uz at t=0.8, dropping to 1.25 wg at 1.0. For higher ¢ 
values the materials could not be saturated by a field of 13 000 
oersteds. The magnetization curves are normal and T, drops 
from 52.5°K+2 for t=0 to 30°K+:3 at t=1.4. The data are 
consistent with the Y and K model if reasonable variations 
of the molecular field coefficients with cell size and te1mpera- 
ture are allowed. 


? McGuire, Howard, and Smart, Phys. Rev. 86, td * pamn 
2 E, W. Gorter, Philips Research Repts. 9, 403 (19 


PA13. Effective Relaxation Parameters in Ferrimagnetic 
Resonance. Roatp K. Wancsness, U. S. Naval Ordnance 
Laboratory.—The effect of the sublattice structure upon 
ferrimagnetic resonance when simple damping terms are 
included in the equations of motion is considered. It can be 
shown that the apparent ferromagnetic behavior of an 
arbitrary number of sublattices can be described in terms of 
an effective relaxation parameter (inverse of relaxation time). 
In general, the compensation point for this effective param- 
eter will be different from those for magnetization and angular 
momentum, and the extrapolation of the apparent ferromag- 
netic behavior through the compensation region leads to a 
negative value of the absorption coefficient in the immediate 
vicinity of the compensation point. The exact expression 
for the steady state susceptibility tensor for a two sublattice 
system also yields the apparent ferromagnetic behavior, and, 
when evaluated at the compensation points, admits of the 
possibility of opposite signs for the absorption at the com- 
pensation points for angular momentum and effective relaxa- 
tion parameter. Some consequences of these results for the 
description of resonance in the compensation region will be 
discussed. 


PA14. Microwave Resonance and Structure Changes in 
Chromium Substituted Spinels. T. R. McGuire anp S. W. 
GREENWALD, U. S. Naval Ordnance Laboratory.—Chromium 
rich nickel ferrite-chromite spinels as well as these compounds 
with small amounts of Al and Zn substituted for Fe and Ni, 
respectively, have been studied by microwave resonance 
absorption and x-ray diffraction. Magnetization measure- 
ments also have been made, some of which were previously 
reported.' In NiOAIl, osCri. sFeo Os a shift occurs in Zz value 
from approximately 1.6 just below the Curie temperature 

—30°C) to a very large value at — 145°C where a structure 
change from cubic to tetragonal takes place. For certain other 
compositions there are double resonances at low temperatures. 
Another important feature is that in the NiOCrFe:_(; 
system, complex crystallographic distortions take place when 
t>1.25. As the temperature is lowered, changes from cubic 
to tetragonal occur and for compositions ¢=1.75—1.85 
further distortion to orthorhombic have been observed. In 
the tetragonal phase c/a ratios are <1 when ¢<1.85 and >1 
when ¢>1.85. These complex and large distortions are similar 
to those found in the FeOCr,Fe;_,O; system by Francombe.? 

! T. R. McGuire and S. W. Greenwald, Bull. Am. Phys. Soc. Ser II, 2, 22 


(1957). 
2M. H. Francombe, J. Phys. Chem. Solids (to be published). 


PAIS. Ferrimagnetic Resonance in Single Crystal Mag- 
nesium Ferrite. Henry S. BELSON anp C. J. KRIESSMAN, 
Remington Rand Univac.—A single crystal of magnesium 
ferrite which exhibits very narrow resonance line widths has 
been grown by a flux melt technique. The ferrimagnetic 
resonance behavior of this crystal has been studied as a func- 
tion of temperature between —195°C and 200°C. Over most 
of this temperature range a marked dependence of half-width 
on crystallographic direction is observed. The difference of 
the half-widths in the [111] and [100] directions, which at 
— 195°C is greater than a factor of two, decreases with increas- 
ing temperature until at about 200°C the half-widths are about 
35 oersteds in any direction. At room temperature the half- 
width is 23 oersteds in the [100] direction and 43 oersteds in 
the [111] direction. Both K, and K, have been measured as a 
function of temperature, and K,, which is —3.9X10* erg/cm* 
at room temperature, varies as M, to the sixth power. The 
spectroscopic splitting factor g decreased from 2.205 at 
— 195°C to 2.007 at 200°C, and has a value of 2.035 at room 
temperature. 
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FRIDAY AFTERNOON AT 2:00 


Governor Clinton 


(B. Lax presiding) 


Ferroelectricity, Magnetism 


Ql. Switching Time of BaTiO; Single Crystals at High 
Voltage. HENRY L. Srap_er, Bell Telephone Laboratories.— 
The switching time of BaTiO; has been measured at higher 
voltages than those applied previously by W. J. Merz.' By 
the use of 2 ysec wide pulses having rise times of less than 10 
sec, the switching time has been measured as function of 
voltage V applied to a crystal 7.5 10-* cm thick. The switch- 
ing time +r can be represented approximately as r=kv~! 
from 100 v up to 1300 applied. The shortest switching times, 
7.0X10~ sec, are less than half the time taken by a longi- 
tudinal sound wave front to move through the thickness of 
the crystal, 14.9X10~ sec. 


1W. J. Merz, Phys. Rev. 95, 690 (1954); J. Appl. Phys. 27, 938 (1956). 


Q2. Temperature Dependence of the Breakdown Field of 
BaTiO;. P. H. Fanc anp W. S. Brower, National Bureau of 
Standards.—The dc breakdown field has been measured for 
ceramic BaTiO; as a function of the ambient temperatures. 
The breakdown field shows, in general, a temperature de- 
pendence of the thermal breakdown type where the break- 
down field decreases as the temperature is increased. Similar 
finding was reported by Sarafanov. But in addition to this 
general behavior, the breakdown field dips down strongly and 
shows minima at the critical temperatures of the phase trans- 
formations. This seems to indicate a process of polarization 
breakdown, and is most pronounced near the o-thorhombic- 
tetragonal transition temperatures. From the numerical data 
for the breakdown field, in combination with the data for the 
dependence of the coercive voltage on the thickness of single 
crystal BaTiO; a lower estimation can be made on the thick- 
ness of the surface layer of BaTiO;. The calculation is based 
on the assumption that the major part of the voltage drop is 
across the surface, and the least value of the voltage for 
breakdown of the surface layer is given by the extrapolation 
of the coercive voltage to zero thickness of the crystal, which 
is found to be of the order of 1 volt. The breakdown field at 
room temperature is about 20 kv/cm. Therefore, the surface 


must be thicker than 5X 10-5 cm. 


Q3. Nonisomorphism of Ferroelectric Phases and Super- 
structures in (NH,)2SO, and (NH,)2BeF,.* R. Pepinsxy, Y. 
Oxaya, K. VeEpDAM, AND S. HosHino, Pennsylvania State 
University.—(NH,)2SO,! and (NH,)2BeF,? become ferro- 
electric below —49.5°C and —97°C, respectively. Although 
these crystals were reported as isomorphous,’ re-examination 
by x-rays reveals differences in room-temperature symmetries 
and in directions of polar axes in the ferroeiectric phases. 
Cell constants, in A, are? a=7.49, b=10.39, c=5.89 for 
(NH,)2BeF, and a =7.729, b =10.560, c=5.951 for (NH4)2SOx. 
The room-temperature space group for both is Pnam if 
superstructuring is disregarded; superstructuring appears in 
all (NH,)2BeF, and some (NH,)2SO, samples, and doubles b 
and c¢, leading to space group Acam. Below its Curie point 
(NH,)2BeF, has a doubled, with symmetry Ac2,¢. Non- 
superstructured (NH,):SO, shows neither dimensional dou- 
bling nor change in systematic absences at low temperature ; 
the space group is Pna2,. Polar directions observed dielec- 


trically are 6 in (NH,4)2BeF, and c in (NH4)2SO,, in agreement 
with space-group requirements. X-ray, dielectric and thermal 
measurements are reported on (NH,)2(BeF,,SO,) and other 
K,SO,-type crystals. 


* Supported by U. S. Air Force Office of Scientific Research, U. S. Army 
Signal orps Engineering Laboratories, and U. S. Atomic Energy Com 
mission. 

1B. Matthias and J. P. Remeika, Phys. Rev. 103, 262 

?R. Pepinsky and F. Jona. Phys. Rev. 105, 344 (1957 

*R. W. G. Wyckoff, Crystal Structures (Interscience Publishers, Inc., 
New York, 1951) 


1956 


Q4. Dielectric and Thermal Studies of Ferroelectric Transi- 
tions in (NH,).SO, and (NH,).BeF,.* S. Hosaino, K. Vepam, 
Y. OKayYA, AND R. Pepinsky, Pennsylvania State University.— 
Measurements of dielectric properties, specific heats, and ther- 
mal expansions of the ferroelectric transitions in (NH,):SO¢ 
and (NH,)2BeF ? and mixed crystals of these have been per- 
formed under various conditions. It is found that the nature 
Of the transition is affected by the previous history of the 
samples: i.e., heat treatment, application of electric fields, 
etc. For example, some samples of (NH,):BeF, which do not 
show double ferroelectric hysteresis loops characteristic of a 
first-order transition exhibit this property after thermal an- 
nealing. A sample of (NH,)2SO, which was annealed at 75°C 
shows a typical lambda-type specific heat anomaly, while 
the sample without heat treatment shows quite different be- 
havior. Results will be discussed in the light of a parallel 
structural study. 

* Supported by U. S. Air Force Office of Scientific Research, U. S. 
Army Signal Corps Engineering Laboratories, and U. S. Atomic Energy 
Commission. 


1B. T. Matthias and J. P. Remeika, Phys. Rev. 103, 362 
?R. Pepinsky and F. Jona, Phys. Rev. 105, 344 (1957 


1956 


Q5. Anomalous Dielectric Absorption and Ferroelectric 
Transitions in Alums.* K. VEDAM and R. Pepinsky, Penn- 
sylvania State University —Examination of the results of 
Guillien' and Le Montagner* on dielectric properties of alums 
reveals that the temperature 7,, at which the dielectric loss 
reaches a maximum is frequency-dependent, and that this 
anomalous absorption can be represented by Debye’s theory 
of relaxation. No anomaly could be detected by the above 
investigators at the ferroelectric transition temperatures.’ Rede- 
termination of the dielectric behavior of (NH,)Fe(SO,).-12H,O 
by us at a number of frequencies between 10 kc and 50 Mc 
reveals small but reproducible anomalies in ¢’ and e” at 88 K. 
Similar anomalies have been detected at microwave frequen- 
cies by Griffiths and Powell.‘ Deuteration of the alum in- 
creases the value of 7, but does not alter the transition 
temperature. Similar observations are reported for other fer- 
roelectric alums. 

* Supported by U. S. Air Force Office of Scientific Research and U. S 
Army Signal Corps Engineering Laboratories. 

1R. Guillien, Cahiers phys. 11, 17 (1942). 

2 Le Montagner, thesis, University of Paris (1956). 

*R. Penvinsky and K. Vedam, Phys. Rev. (to be published). 
wh FE. Griffiths and J. A. Powell, Proc. Phys. Soc. (London) 65A, 219 


Q6. Magnetic Dependence of Ultrasonic Attenuation in 
Metals at Low Temperatures.* R. W. Morse, H. V. Boum, 
AND D. GAvENDA, Brown University.—At low temperatures 
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the dominant mechanism of ultrasonic attenuation in pure 
metals is interaction with conduction electrons. This attenua- 
tion is strongly affected by a magnetic field. Helium tempera- 
ture measurements are reported at frequencies from 8 to 100 
Mc for fields up to 10 000 gauss in both polycrystal and single 
crystal samples of indium, tin, copper, aluminum, and zinc. 
The measurements include longitudinal and sheer waves for 
various orientations of H. The effect depends on the param- 
eter kl, where & is the propagation constant of the wave and / 
is the electron mean-free-path. When &/<1 the attenuation 
falls monotonically with applied field, varying as H~' when 
the radius of the electron orbit r</. When &l>1, the attenua- 
tion generally goes through a series of maxima and minima 
before decreasing monotonically. The resonances are found 
in both poly and single crystal samples. The observations in 
copper and indium and consistent qualitatively with reso- 
nances occurring for coincidences of the electron orbit diameter 
and the ultrasonic wavelength. The results in tin are more 
complicated suggesting the superposition of another effect 
which, in contrast to the first, causes a large increase in at- 
tenuation with increasing magnetic field. This is strongly 


frequency-dependent and at 50 Mc results in an attenuation 
for large fields twice that at zero field. 


* Supported in pews bo the U. S. Air Force through the Office of Scientific 
Research of the Air Force Research and Development Command. 


Q7. Magnetic Susceptibilities of Dilute 

W. R. Datars, M. Garser, W. G. Henry, anp L. Kut, 
National Research Council, Canada.—The magnetic suscepti- 
bilities of dilute solutions in magnesium of Ag, Cd, In, TI, 
and Al have been determined. Specimens were chill cast in 
the range of compositions 0 to 5 at % and measured at room 
temperature. The addition at 1 at % In, Cd, Ag progressively 
decreases X4. This effect is opposite to that observed in Cu- 
and Ag-base alloys by Henry and Rogers who found Xa 
to decrease with increasing solute valence. For the series 
Mg-Al, In, Tl, X4 decreases linearly with respect to the row 
of the periodic table from which the solute comes. The rate 
of decrease is approximately equal to that observed in cor- 
responding Cu- and Ag-base alloys, apparently showing that 
for these alloys a simple separation of valence and ionic effects 
may be made. 


Invited Papers 


Q8. High-Frequency Nuclear Magnetic Resonance in Antiferromagnetics. V. Jaccarino, Bell 


Teiephone Laboratories. (30 min.) 


Q9. Cyclotron Resonance in Metals. A. F. Kir, L’niversity of California, Berkeley. (30 min.) 





FrIDAY AFTERNOON AT 2:45 


Panel Room 


(W. K 


. H. PANOFSKY presiding) 


Invited Papers 


QA!. 


Structure in the Neutron and Proton. R. HorstaptTer, Stanford University. (30 min.) 


QA2. Large-Anglie Electron-Pair Production from Hydrogen. B. Ricuter, Stanford University. 


(30 min.) 





FrIDAY AFTERNOON AT 2:00 


Terrace Room 


(V. L. Srout presiding) 


Electron Physics 


RI. Electroluminescence of ZnS Single Crystals under 
Pulsed Voltage Excitation. D. R. FRANKL, G. NEUMARK, AND 
A. Lemptcki, Sylvania Electric Products—On application of 
voltage to a previously de-excited crystal, the emission 
intensity rises montonically to a steady level that is a rapidly 
increasing function of the voltage magnitude. On removal of 
the voltage, the emission from Mn-activated crystals simply 
decays to zero, but Cu-activated crystals give a large burst 
of emission that reaches maximum intensity in a few tens of 
microseconds then decays in a few milliseconds. Reapplication 
of voltage during the initial stages of this burst gives strong 
quenching if the field is in the initial direction, but strong 
stimulation if in the opposite direction. These effects are 
explained in terms of excitation in the strong fields existing in 
barriers, and the assumption that ionized Cu centers have 


capture cross section that is small for the fast electrons which 
penetrate the barriers, but large for slow electrons which 
flow back into the space charge region on removal of the 
voltage 


R2. Mean Lifetime of Free Electrons in Electroluminescent 
Zinc Sulfide. WiLL! LEHMANN, Westinghouse Electric Corpora- 
tion.—The mean lifetime of free electrons in the conduction 
band of electroluminescent zinc sulfide phosphors has been 
estimated from measurements of the number of emited light 
quanta and of the electrical power absorption. The result at 
room temperature for the mean lifetime of a free electron 
between excitation and recombination, but not counting the 
trapping time, is in the order of 10~* sec. This value is fairly 
independent of amplitude and frequency of the exciting electric 
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field and is about the same for several phosphors of different 
emission color (blue ZnS-Cu, green ZnS-Cu,Cl, and yellow 
ZnS-Mn,Cu). 


R3. Electron Transitions in the Activator Center of Mag- 
nesium Fluorogermanate. C. H. HAAKE AND G. KEMENY, 
Westinghouse Electric Corporation.—Magnesium fluorogerma- 
nate activated with Mn is a red-emitting phosphor used for 
color correction in high-pressure mercury-vapor lamps. Little 
is known about the nature of the electron transitions in the 
activator center (Mn‘**). An attempt is made to interpret 
the relationship of emission intensity and temperature on the 
basis of the energy term scheme observed in isolated Mn‘*. 
The transitions are of the type *F,/2=Gaye. The effect of 
crystal fields on the term scheme of Mn‘* seems to be small. 
Upon application of the selection rules' AL=+1, AJ=0, 
AS = +1, it becomes apparent that electron transitions take 
place only between ‘*Fo/2=*Go/2 and *F;2=G7/. whereas the 
two lower ground states ‘F3/2, 52 do not contribute to absorp- 
tion and emission. The occupancy of the four ground states 
is governed by Boltzmann statistics. Hence, with increasing 
temperature the probability of finding centers in the upper 
two ground states increases and so does the absorption. The 
increase of emission intensity up to 300°C can thus be ex- 
plained. Further temperature increase leads to a predominance 
of nonradiative transitions over radiative transitions and the 
emission intensity decreases. 


1B. V. Thosar, Phil. Mag. 26, 380 (1938). 


R4. Photoelectric Emission from MgO.* James R. STEVEN- 
sont AND EvuGENE B. HENSLEY, University of Missouri.— 
Measurements of the photoelectric yield from thin films, 
powders, and single crystals of MgO have been made as a 
function of photon energy from 2.5 ev to 11.5 ev. The yield 
below 7.5 ev was observed to be structure sensitive. On the 
more active samples, this yield could be detected as low as 
about 3.0 ev with a minimum detectable quantum efficiency 
of about 10-” electron per quantum and increased with some 
suggestion of structure to about 10~* at 7.5 ev. The yield at 
the lowest energies could be enhanced by irradiating at higher 
energies. The shape of the curve for the efficiency of the en- 
hancing radiation was observed to coincide with a photo- 
conductivity peak centered at 5 ev obtained by Peria' and 
confirms Peria’s identification of this photoconductivity as 
being due to the release of electrons to the conduction band. 
A sharp rise in yield by as much as two orders of magnitude 
at 7.5 ev in the most active samples coincides with the exciton 
induced optical absorption. This rise could be greatly reduced 
by heating the sample in oxygen. This treatment had no 
effect on the yield at energies greater than 10 ev. 

* Supported in part by the Office of Naval Research. 


t ag at Georgia Institute of Technology. 
iW. T. Peria, eb thesis, University of British Columbia, 1957. 


RS. Thermionic Emission and Electronic Structure of 
MgO.* EvuGene B. HENSLEY AND JAMES R. STEVENSON,f 
University of Misscuri—Measurements of the thermionic 
emission from powders, single crystals, and thin films of MgO 
have been made as a function of temperature. Analysis of the 
temperature dependence of the work function obtained from 
these measurements and from measurements reported in the 
literature indicate that the position of the Fermi level in most 
samples of MgO is controlled primarily by the population of a 
donor level located approximately 3.4 ev below the vacuum 
level. The following details regarding a tentative energy level 
diagram for MgO will be discussed. The electron affinity is 
estimated to be somewhat less than 1 ev. The 2.4-ev peak 
in the optical absorption is probably due to the same center 
as the donor discussed above and is also probably responsible 


for the low-energy photoelectric emission. A second level 
slightly greater than 5 ev below the conduction band is 
suggested by photoconductivity and the enhancement of the 
photoelectric emission discussed in the previous paper. Indica- 
tions of the width of the forbidden band are vague but a value 
near 8.8 ev is strongly indicated The exciton absorption peaks 
at 7.5 ev with a second possible peak at 8.8 ev. 


* Supported in part by the Office of Naval Research. 
t Now at Georgia Institute of Technology. 


R6. Secondary Electron Emission Variation with Incident 
Angle. A. B. Laronsky AND N. R. WHETTEN, General Electric 
Research Laboratory.—The dependence of secondary electron 
emission on angle of incidence of the primary electrons has 
been measured for cleaved single crystals of MgO. Single 
pulse measurement techniques have been employed.! The 
energy distribution of the secondary electrons has been 
measured at different incident angles and primary energies. 
At low primary energies there is little change in the energy 
distribution with different angles of incidence. At primary 
electron energies near the maximum in the yield curve the 
secondary electron energy distribution is found to vary with 
the incident angle. Relatively more high-energy secondary 
electrons are present at large incident angles than at normal 
incidence. At considerably higher primary energies there is 
again little change in energy distribution with angle of in- 
cidence. The total secondary electron yield is found to exhibit 
maxima at several angles of incidence. The position of these 


maxima are independent of primary electron energy and are 
believed to be associated with crystal orientation 
1N. R. Whetten and A. B. Laponsky, Phys. Rev. 107, 1521 (1957 


R7. Exciton-Induced Photoemission from BaO at 80°K. 
E. TAFT AND L. APKER, General Electric Research Laboratory. 
Zollweg' has found four peaks near hy=4 ev in the optical 
absorption spectrum of BaO. Jahoda* has seen the same struc- 
ture in reflectivity studies. The present experiments show that 
when sufficiently shallow electron donor states are introduced 
into BaO, these peaks appear clearly at 80°K in the spectral 
distribution of the photoelectric yield. The effect appears 
similar in character to the exciton-induced photoemission 
from alkali halides. In BaO, the phenomenon is particularly 
interesting as a sensitive means for studying the relatively 
weak low-energy peak found by Zollweg and Jahoda near 
3.7 ev. Photoemission associated with this peak is frequently 
measurable even at 3.3 ev, and it is probably the source of the 
unexpected slow electrons in energy distributions studied by 
Philipp.* Electron donor states only 0.8 ev below the vacuum 
level were seen during the present studies 


!R. J. Zollweg, Phys. Rev. 97, 288 (1955); Bull. Am. Phys. Soc. Ser. II, 
2, 342 (£957). 

2F. C. Jahoda, Phys. Rev. 107, 1261 (1957). 

7H. R. Philipp, Phys. Rev. 107, 687 (1957 


R8. Mass-Spectrometer Measurements of Oxygen Adsorp- 
tion and Desorption on Tungsten.* R. E. Scuiier, Brown 
University.—The adsorption of oxygen, nitrogen, and carbon 
monoxide on a tungsten flash filament mounted on tungsten 
supports was measured with an omegatron rf mass spectrom- 
eter. Comparable results were obtained with an ionization 
gauge, for nitrogen and carbon monoxide, but not for oxygen. 
The tungsten filament adsorbed 1.110" atoms/cm? of 
oxygen, with an initial sticking coefficient of 0.5. When the 
filament was flashed at 2000°K, a smail oxygen pressure 
rise indicated that less than two percent of the oxygen desorbed 
as oxygen molecules. A larger pressure rise due to carbon 
monoxide also occurred because this gas was present whenever 
the omegatron filament was heated in oxygen. The oxygen 
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was removed from the surface by flashing, probably as a 
volatile oxide. At elevated temperatures, the tungsten filament 
pumped oxygen. Some of the oxygen was converted into 
carbon oxides in insufficient quantities to account for the 
pumping. At 1850°K, the pumping speed of the filament for 
oxygen was about 8 liters/sec/cm?. The pumping of oxygen 
and conversion into carbon oxides account in part for the 
unreliability of the ionization gauge as an oxygen pressure 
indicator. 

* This work is supported by a Joint fam py Contract with MIT and a 


subcontract with Brown University, and by a contract with Air Force 
Cambridge Research Center, Air Research and Development Command. 


R9. Surface Migration of Carbon Monoxide on Tungsten.* 
RaLpo Kern, National Bureau of Standards.—The surface 
migration of carbon monoxide on tungsten was observed with 
the field emission microscope. The field emission tube was 
operated in liquid helium.' Carbon monoxide, generated by 
heating molybdenum carbonyl, shadowed a tungsten point. 
The migration process could be observed because adsorbed 
carbon monoxide causes a slight increase in the work function 
of tungsten. The migration commenced at a conveniently 
measurable rate in the vicinity of 180°K, the process being 
characterized by an activation energy in the region of 5 kcal. 
The detailed observations on the characteristics of the migra- 
tion as revealed by the emission patterns will be discussed. 

* This research was performed nde ¢ the National Bureau of Standards 


Free Radicals Program supported by t ment of the Army. 
mer, Wortman, and Lundy, J. oben Phys. 26, 1147 (1957). 


R10. Resolving Power of Electron Spectrometers.* L. 
Marton, National Bureau of Standards.—It is customary to 
express the performance of an electron spectrometer by 
plotting the resolving power Ap/p vs transmission T (where 
T is the fraction of 42 solid angle and p is the momentum). 
An examination of the literature indicates that a purely 
empirical relationship can be established for the limiting 
performance of these instruments; i.e., all the recorded per- 
formances are above the curve T =3(Ap/p)**. Such a limiting 
curve suggests a natural limitation of some sort and raises 
the question about the theoretical limits of electron spec- 
trometers. An estimate of the quantum-mechanical limita- 
tions of the resolution can be made based on the Heisenberg 
uncertainty relation. This estimate is several orders of 
magnitudes better than the observed performances. Part of 
the discrepancy may be in the fact that, in almost all resolving 
power measurements, the true value is masked by the thermal 
distribution of electron energies. Thus it should be possible to 
achieve truly high resolution electron spectroscopy by the 
utilization of more monoenergetic sources of electrons. 


* This work was in part supported by the U. S. Atomic Energy Com- 
mission. 


Ril. Modulated Retarding Field ‘‘Monochromator” for 
Electron Scattering Measurements.* J. Arnot Srupson, Na- 
tional Bureau of Standards —The resolution of modern electron 
velocity analyzers appears to be limited by the initial energy 
spread of the primary beam. Improved resolution requires 
some form of monochromator. Fox and Hickam! have reduced 
the apparent line width of an electron beam by use of a 
modulated retarding field system. The performance of such 
a device depends on the sharpness of the low-energy cutoff of 
the retarding field. Boersch? has done considerable work on 
this problem in connection with his filter lenses. By combining 
such a filter lens with a modulating system it appears possible 
to obtain electron beams with an apparent energy spread of 
less than 0.1 ev at an energy of 20 to 50 kev. If this “mono- 
chromator” is combined with modulated retarding field 


analyzer described by Leder and Simpson,’ a particularly 
compact and convenient instrument results. 
eee en ee Se ee ee S. Atomic Energy Com- 


mt Rox. Hickam, Grove, and Kjeldaas, Rev. Sci. Instr. 26, 1101 (1955). 
*H. Boersch, Optik 5, 436 (1949). 
+L. B. Leder and J. A. Simpson, following abstract. 


R12. Differentiation of Potential Measure- 
ments.* Lewis B. Leper aNnp J. A. Simpson, Netional Bureau 
of Standards~—The measurement of electron energy by the 
retarding potential method is attractive from the standpoint 
of simplicity of design and also because the resolution is not 
a function of the primary electron energy or the physical size 
of the instrument. Its biggest drawback has been the fact 
that an integral rather than a differential curve of energy 
versus current is obtained. Graphical differentiation introduces 
a rather large error, particularly in the regions of large slope. 
To overcome this difficulty we have improved some early 
attempts at electrical differentiation.’* A 1000-cy signal of 
approximately 0.1 ev is superimposed on the retarding 
potential. The resulting output signal is an amplitude modu- 
lated ac current which is amplified and passed through a 
lockin circuit which improves the signal-to-noise ratio. The 
differential energy distribution is thus obtained directly. A 
half-width of 0.6 ev at a primary energy of 5000 v has been 
obtained. 

* This work was in part supported by the U. S. Atomic Energy Com- 
mp. Vetteriein, Ann. Physik 35, 251 (1939). 

Rachovich, 


aaah > Tee OE, Se, EE J. Exptl. Theoret. Phys. 26, 454 
a9 


R13. Bremsstrahlung from Electrons in a Fully Ionized 
Gass Using the Debye Potential. HuGa E. DeWitt anp Ray 
E. Kipper, University of California, Livermore.—An electron 
moving through a fully ionized gas feels an average potential in 
the neighborhood of a heavy ion of the form V(r) =Ze/r 
Xexp(—r/a) where a= (kT/4eNe*)} is the Debye screening 
length. We have calculated in Born approximation the total 
bremsstrahlung cross section for an electron incident on this 
potential. Using this cross section we have obtained the rate 
of electron energy transfer to the radiation field. This result 
consists of the usual energy loss rate for a pure Coulomb 
potential multiplied by (1—a¢ tan“) with a=h/2pea and po 
the initial electron momentum. The screening effect vanishes 
at sufficiently high temperatures. A high electron density can 
materially reduce the energy loss by bremsstrahlung. Using 
the bremsstrahlung energy loss rate for one electron, calcula- 
tions were made to estimate the average rate of transfer of 
energy from electrons with a Maxwellian velocity distribution 
in the gas to the radiation field. 


R14. Shielded Coulomb Encounters in a Fully Ionized Gas 
Using the Debye Potential. R. E. Kipper anp H. E. DeWrrr, 
University of California, Livermore.—Calculations have been 
made of the rate at which energy is transferred from electrons 
at a temperature (T) to cooler ions (taken to be at rest) in a 
fully ionized gas. The form of the interaction between ion and 
electron is assumed to be of the Debye form (Ze*/r) exp(—r/a) 
where a is the Debye shielding leng*h. The calculations are 
made in Born approximation. In the usual treatments of 
energy transfer the interaction between the charged particles 
is taken to be the Coulomb interaction, and integration over 
the impact parameter is cut off at some maximum value. This 
maximum value is taken equal to the Debye length, or a 
modification thereof to account for quantum effects. The 
present treatment systematically employs the Debye potential 
and has the advantage that it is not necessary to introduce 
the somewhat arbitrary cutoff. The expression that is obtained 
for the rate of energy transfer contains a term not obtained 
in the cutoff method. This term has the effect of reducing 
the energy transfer rate. 
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Theoretical Physics IV: Nuclear Structure 


Sl. Photodisintegration of the Deuteron at 22 and 78 
Mev.* J. J. pE Swart, D. E. Brcnorn, anp R. E. MarsHAK, 
University of Rochester—We have calculated the photodis- 
integration of the deuteron at y-ray energies of 22 and 78 
Mev using the Gartenhaus wave function for the deuteron 
and the Gartenhaus plus spin-orbit wave functions! for the 
final states. The dominant transition is electric dipole-— 
namely, °S,:+*D;—>*Po 1,2, *F 2. If we write the differential cross 
section in the form (a+ sin%#), then we find a=4.1 yb, 
b=50 wb, at 22 Mev and a=4.1 wb, b=4.3 wh at 78 Mev. 
This is in good agreement with experiment. This result in- 
dicates that it is not necessary to introduce virtual pion or 
other effects? in order to explain the large isotropic term in 
the angular distribution in this energy region. The extent to 
which the large percentage of D state for the deuteron and 
the effect of the spin-orbit force on the final states contribute 
to the satisfactory result will be discussed. 

Pe I ‘and RE. Marshak, Phys. Rev. 106, 832 (1957). 


; ao 
oR. R. Wilson, Phys. Rev. 104, 218 (1956); also N. Austern, University 
of Pittsburgh preprint. 


S2. Nuclear Saturation. \W.W. Wapa Anp P. P. Bey, U. 5S. 
Naval Research Laboratory—Brueckner many-body theory 
has been applied to nuclear matter, assuming that the single- 
particle velocity-dependent potential can be parametrized in 
the form 4(ck?—b)/(1+<ak*). This potential goes over to that 
of the effective mass approxination in the low momentum 
region and becomes constant ($c/a<1) for high momenta, 
in agreement with the requirement that the effective mass 
should approach the real mass of the nucleon when off-the- 
energy shell effects are disregarded. These parameters are 
determined by the self-consistency requirement of the theory. 
The resulting Schrédinger equation can be solved analytically 
for an attractive square well with repu!::ve hard core. The 
method of Riesenfeld and Watson results in a reaction matrix 
proportional to the phase shift when the exclusion effects in 
the intermediate states are disregarded. Assuming that the 
s orbital alone is sufficient, the two-body potential used is 
that which is an appropriate average between the triplet and 
singlet interactions. The self-consistent solutions of the 
Brueckner integral equation have been obtained at several 
densities. Saturation of nuclear matter occurs at the normal 
density corresponding to a nuclear radius =1.410-" A! cm, 
with approximately —15 Mev for the binding energy per 
nucleon. The exclusion effects were treated by Schwinger's 
variational method, and found to be negligible. 


S3. Studies with Velocity-Dependent Potentials.* P. C. 
Soop Aanp A. E. S. Green, Florida State University.—A study 
is made of the influence upon energy eigenvalues of the 
extra terms associated with a Hermitian symmetrized kinetic 
energy operator, a Hermitian nonsymmetrized operator as 
contrasted with a simple non-Hermitian nonsymmetrized 
form. The results indicate that for important states of binding 
the extra terms do not greatly alter the energy level or level 
sequences. A number of studies of bound states and positive 
e:iergy states have indicated the need for an extra nuclear 
well depth for protons as compared to neutrons. On the other 
hand a recent study of mirror nuclei! does not reveal this 
potential anomaly. The detailed characteristics of the proton 
potential anomaly for various n‘clei are explored further 


using a combination of analytical techniques and a table of 
eigenvalues and eigenvalue derivatives, obtained with the aid 
of the ORNL Oracle. It is found that the extra well depth 
needed in medium and heavy nuclei in the velocity dependent 
case is comparable with that needed in the static case. 


Commission. 


4 ge by a ome from the U.S. Atomic Energy 
+P. published). 


. Sood and A. E. S. Green, Nuclear Phys. (to be 


S4. Distribution of Angular Momenta among the Nuclear 
Levels of Aluminum.* Cart T. Hispon, Argonne National 
Laboratory.—The density of levels' as a function of total 
angular momentum J is given for the single-particle model 
by the expression 


oi =nfeo{ 52} enn =S2"}] 


(2J +1) - J+") 
=p = exp 
ae ’ ler J 
where p; is the density of all levels for the energy region in 


question, 7 is the so-called nuclear temperature that varies 
slowly with energy, and ¢ is a constant having the value 
1/75B?A** Mev-. Lang and LeCouteur found the constant 
B to have a value of 0.55 for a fit to observed level densities 


and A is the mass number of the nucleus. The numbers of 
levels assigned experimentally to each different value of J 
hitherto have been too small to permit verification of the 
theoretical expression. In the present work, a sufficient 


ve been tentatively identified 
k of the theoretical distribu- 


number of levels of aluminum h 
to give a rough experimenta! che 


tion. A reasonably good fit is given for 2-r=6. The constant 
c has a value of 1.04 Mev™ so the corresponding value of r 
is 2.9 Mev. 

* Work performed under the auspices of the t S. Atomic Energy 
Commission. 

1J. M. B. Lang and K. J. LeCouteur Prox Phys. So London) A67, 
586 (1954). See also H. Bethe, Revs. Modern Phys. 9, 69 (1937), formula 


1956); and C. Bloch, Phys 


(301); T. D. Newton, Can. J. Phys. 34, 804 
Rev. 93, 1094 (1954). 


SS. Relativistic and Coulomb Corrections to Nuclear Fermi 
Matrix Elements. W. M. MacDona.p, University of Mary- 
land.—The nuclear Fermi matrix elements for 8 decay can be 
evaluated in the nonrelativistic limit for charge independent 
nuclear forces. For a transition between J =0*,7=1 nuclear 
states the result is §1= (8=v2. For the 0°--0* decays of 
O” and Cl* the corrections produced by the Coulomb inter- 
action and relativistic terms of order (v*/c)? have been calcu- 
lated on the jj coupling model. In the Coulomb calculations 
the T=0 and 7 =2 impurities from excited states were con- 
sidered, as well as the dynamic distortion from the mixing 
of T=1 states. The O" ft value is increased by ~0.1% while 
the Cl* ft value is decreased by 51%. A relativistic correction 
occurs only for the vector intrraction in a 0*—0* decay and 
gives an increase in both the O and Cl* /t values for these 
decays by 4.1% and 4.2%, respectively. However, this cor- 
rection will cause the ratio of the ft values to differ from 
unity by only ~0.1%. 


S6. Statistical Derivation of Nuclear Rotation Energy.* 
KaILasH Kumar, Purdue University (introduced by R. W. 
King).—The nucleus is treated as a Fermi gas of protons and 
neutrons under the constraints of constant angular momen- 











tum! and constant quadrupole moment. By using the assump- 
tion that the effective nuclear potential is of the form of a 
spheroidal well, the characteristic [(J +1) rotational spectrum 
is obtained in the first approximation. The moment of inertia 
thus calculated is half that of the rigid rotation? of the nucleus 
as a whole. An expression closer to that of irrational flow 
results if one assumes that only the nuclear matter displaced 
as a result of the deviation from spherical shape contributes 
to the angular momentum. The effect of introducing a 
velocity dependent potential is to increase the moment of 
inertia, but no strong dependence on deformation is obtained. 
Calculations with an ? dependent potential suggest that by 
combining the last two assumptions a situation close to 
reality may be obtained. 
° wees performed at McGill University. 
M. ler and H. M. Foley, Phys. Rev. 96, 366 (1954 


= St B. J. Blin-Stoyle, Nuclear Phys. 2, 169 1986); also, ¢€.g.. 
D. R. Inglis, Phys. Rev. 97, 701 (1955). 


S7. Influence of Electromagnetic Spin-Orbit Coupling on 
C™ and O” § Decay.* J. SucHeR anv R. A. FerReii, Uni- 
versity of Maryland.—One source of the difference in the ft 
values of C* and O* is the smaller spin-orbit splitting for 
neutron holes, relative to that for proton holes. The decrease 
in spin-orbit strength a has been calculated using the known 
anomalous magnetic moments for proton and neutron. 
Neglecting exchange, we find Aa=—0.075 Mev. This per- 
turbation increases the O™“ matrix element, M (measured in 
multiples of 10-*), by 1.2, to which must be added 1.9 due to 
the Coulomb repulsion in C™ of the proton holes.* It is neces- 
sary to assume that the C™“ matrix element, of magnitude 
0.8, has the same sign as that for O*. We then find M=3.9, 
which may be compared with the experimental value of 
6.30.5. Part of the remaining discrepancy may be due to 
forbidden terms in the O“ matrix element, so far neglected. 

* Research supported in part by the U. S. Atomic Energy Commission. 


'W. M. Visscher and R. A. Ferrell, Phis. “Rev. 107, 781 (1957). 
? B. Jancovici and I. Talmi, Phys. Rev. 95, 289(L) (1954). 


S8. Variational Formulation of the Nuclear Many Body 
Problem.* R. Brout, Cornell University.—An attempt is made 
to find the wave function ¥, which variationally gives rise to 
the Brueckner-Bethe formulation of the nuclear many-body 
problem. If ¥ is written as a sum of two-body correlations, 
each two-body part involves the scattering matrix G. The 
total energy may then be written as a sum of pair energies. 
The uncanceled unlinked clusters lead to weight factors for 
each pair. If these weight factors are approximated by unity, 
variation of G leads to integral equations for G and total 
energy E=(T)+42,,.(mn|G|mn), thereby recovering the 
Brueckner-Bethe form. The integral equation differs from 
the usual one in two respects: intermediate states include 
hole scattering (3 body clusters in usual formulation); the 
energy denominators involve Hartree-Fock energies. For 
singular potentials one must therefore correct to get finite 
self energies. This is easily achieved for hole states but no 
finite modification of ¥ leads to unambiguous particle state 
self-energy. For singular potentials it does not seem possible 
to construct simple trial wave functions which lead to finite 
results. 


* Supported in part by the joint program of the Office of Naval Research 
and the U. S. Atomic Energy Commission. 


$9. Collective E2 Enhancement of Transition Rates and 
Quadrupole Moments in Some Light Nuclei.* S. FaLLieros 
AND R. A. FERRELL, University of Maryland.—The strength 
of interaction between an individual! nucleon and a spheroidal 
deformation of the O'* core has been determined empirically 
from the experimental lifetime measurements' on the first 
excited states of N'* and O'’. From these data the F"’ first 
first excited state can be expected to have a mean lifetime 
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of 5.6 10-" sec. By taking into account the different radial 
wave functions involved in s-d and d-d transitions, as well 
as the radial extension of the “surface” wave and the finite 
range of nucleon-nucleon forces, the O'" quadrupole moment 
can also be calculated.? An analogous treatment can be given 
to holes in the O"* core. Using the same interaction 
we find the N™ quadrupole moment is increased 50% above 
its shell-model value. Similarly, the E2 decay rate of the N™ 
second excited state’ is doubled. 

* Research si by the U. S. Atomic Energy Commission. 

'R. C. Hanna and J. M. Freeman (private communication). J. Thirion 
and V. L. Telegdi, Phys. Rev. 92, 1253 (1953). 

2 The result compares reasonably with the recent experimental value of 
M. Jj. Seemed & H. Townes (Phys. Rev. 107, “035 3S (1987) 1. 


2 For references to the experimental data on N™ see Sec. V of W. M. 
ys. Rev. 107, 781 (1987). 


Visscher and R. A. Ferrell, 

S10. Optical Model Scattering Potential for Elastic Nuclear 
Scattering.* Lee M. Frantz, The Ohio State University.—A 
formal expression has been found for an optical model po- 
tential, which provides an exact description of the élastic 
scattering of a single nucleon from a nucleus. The starting 
point is the standard second-quantized description of a 
many-nucleon system in terms of two-body potentials and 
of a complete set of model wave functions. The variables of 
all but the bombarding nucleon are eliminated, and it is 
shown that its weighting function on the state vector’s model 
nuclear ground state projection satisfies a single-particle 
Schroedinger equation allowing the identification of a po- 
tential Vow. In addition the elastic component of the scat- 
tering of a nucleon from a true nucleus is shown to be given 
by the scattering of a nucleon by Vow. The potential Vow 
is complex, and is energy and momentum denendent. It can 
be expanded in a natural manner in a Brillouin-Wigner type 
of perturbation series, and an attempt is now in progress to 
convert a Rayleigh-Schroedinger series with the expectation 
of eliminating unlinked cluster terms, as in the Brueckner 
theory.? 

* Supported by the National Science Foundation. 

' K. A, Bruckner, Phys. Rev. 100, 36 (1955). 


S11. Theoretical Investigation of First-Forbidden Beta 
Decays of Sb'™ and Au™*.* M. Morita AnD R. Sarto Morita, 
Columbia University——We have calculated the formulas of 
beta-gamma direction and polarization correlations with 
STPVA interactions of beta decay. Using these formulas, a 
consistent explanation has been given for all of the data of 
the first-forbidden beta decays on Sb™ and Au™*. We can 
explain the beta-spectrum shapes, ft values, beta-gamma 
direction, and polarization correlations on Sb™ and Au™*. 
We can also account for the beta polarization experiments 
on Au®*. For both nuclei, STP with C;=C;’ predicts the 
same results asthe VA with C;=C;’. In the case of Au™®, it 
is necessary that the tunerference among STP or VA or both 
be maximum and that B,? and B,, be very small. All of the 
data on Au are consistent with the assumption of real 
coupling constants. In the case of Sb™> large By? and By; 
terms are necessary. Then, the reality of the coupling con- 
stants is indeterminate from the data of Sb™. 


* This work was partially supported by the U. S. Atomic Energy Com- 
mission. 


$12. Photonuclear Giant Dipole Resonance in O*.* 
RicHarp A. FERRELL, University of Maryland.—Both Brink! 
and Wilkinson' have discussed the giant dipole resonance in 
terms of single-nucleon excitations. Brink has made the 
important observation that the wave function describing a 
collective Goldhaber-Teller excitation is simply a super- 
position of a single-nucleon excitations. He fails, however, 
to note that there is a shift in the energy of this superposition 
which separates it from the lower-lying set of single-nucleon 
excitation energies. Corresponding energy shifts have been 
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discussed for the breathing (ZO) and spheroidal (E2) modes 
of oscillation.? Because of the shift there are no other single- 
nucleon shell-model excitations in the vicinity of the collective 
dipole excitation. Thus the resonance would be sharp, except 
for unrelated damping mechanisms. Insofar as the central 
force dominates the spin-orbit force the line-breadth is not 
due to a distribution of the resonance over single-nucleon 
excitations, in contrast to the theories of Brink and of 
Wilkinson. 

* Research supported by the U. S. Atomic Energy Commission. 
1) se” Nuclear Phys. 4, 215 (1957). D. H. Wilkinson, Physica 22, 

2R. A. Ferrell and W. M. Visscher, Phys. Rev. 102, 450 (1956); 104, 475 
(1956). R. A. Ferrell, Phys. Rev. 107, 1631 (1957). 





$13. Inelastic Scattering of Pions by Nuclei. K. M. Watson 
AND C. Zemacu, University of California, Berkeley —Monte 
Carlo calculations of the scattering of pions within nuclei 
have not led to very good agreement with the observed 
energy spectrum of the scattered mesons.' These studies have 
assumed the scattering of pions on free neutrons and protons 
as the elementary mechanism for scattering within nuclei. It 
is expected, however, that the “optical model’’ potential for 
pions is strong and also quite energy-dependent, which can 
lead to an appreciable change in the kinematics of pion- 
nucleon collisions within nuclei. This change is in at least 
qualitative agreement with observation. 


1R. H. Miller (preprint). 





FRIDAY AFTERNOON AT 2:00 


Grand Ballroom 


(R. W. Haywarp presiding) 


Form Factors; Proton Scattering; Polarization and Parity; Recoil Experiments 


SA1. Study of the Magnetic Form Factor of the Neutron at 
600 Mev.* M. R. YEARIAN AND R. HorstapreR, Stanford 
University.—Further experimental investigation of the neu- 
tron’s magnetic form factor has been continued! at 600 Mev. 
The deuteron electrodisintegration data can be compared 
with theories of Jankus? and Blankenbecler* with inclusion 
of the proton and neutron form factors. When the form 
factors are included, the theoretical shape of the inelastic 
continuum changes with respect to the original theoretical 
shape calculated by Jankus for points. The present results at 
690 Mev are compared with a model which fits the 500-Mev 
data. From these results, the neutron’s magnetic cloud is 
definitely not a point and is of approximately the same size 
as the proton magnetic cloud. Possible differences between 
the neutron and proton will be discussed. 


* Supported by the joint program of the Office of Naval Research and the 
U. S. sous Ener; se race and by the Office of Scientific Research, 








Air R 
ey and R. Hofstadter, Bull. Am. Phys. Soc. Ser. II, 2, 
349 (1987). 
Z. Jankus, Phys. ape 102, 1586 (1956). 
: 4 Biankenbecler (to published). 


SA2. Investigation of the Charge Form Factor of the 
Proton.* F. BuMILLER AND R. HorstapTerR, Stanford Uni- 
versity—An examination of the proton’s charge structure 
function! (=Dirac form factor, F;) has been carried out by 
scattering electrons from protons in CH, at electron energies 
200 Mev and 600 Mev in the laboratory system. The method 
takes advantage of the fact that at small scattering angles 
the ratio of cross sections (¢200/e600) is sensitive to F, and 
practically independent of the magnetic form factor F». 
Thus very little knowledge of the magnetic form factor is 
required to determine precise features of the F; distribution. 
When the results are, for convenience, put in the form of a 
phenomenological charge-density distribution, the exponential 
model with rms radius 0.80 X 10~* cm, gives a good fit. This 
result indicates that the electrical size of the proton is the 
same as the magnetic size,? at the momentum-transfer values 
presently investigated. The data can also be presented 
equivalently, without referring to a model, in the form of 
phenomenological structure functions. 


* Supported by the joint m of the Office of Naval Research and the 
U. S. Atomic Energy Commi a ont by the Office of Scientific Research, 
Air Research and — mand. 

1R. Hofstadter, Revs. Modern one 28, Fes (1956). 

(1957) Bumiller and R. Hofstadter, Bull. . Phys. Soc. Ser. II, 2, 390 


SA3. Proton-Proton Scattering at 10 Mev.* Lawrence H. 
JOHNSTON AND DonaLp E. YounG, University of Minnesota.— 
The angular distribution of proton-proton scattering cross 
sections at 9.74 Mey has been measured using the first section 
of the Minnesota Proton Linear Accelerator and the small- 
angle scattering chamber previously described. The scatterer 
is hydrogen gas at one-quarter atmosphere pressure which 
flows continuously through the chamber. Measurements have 
been made from 5° to 55° (lab) with + 4° resolution from 5° 
to 20° and +2° from 20° to 55°. The absolute angular setting 
of the detector telescope at 5° has been confirmed by doing 
Rutherford scattering from argon gas which agrees to within 
4%. The errors have been estimated to be +}$% relative 
and +1% absolute. The cross-section curve shows an inter- 
ference minimum at 17° (lab.) which is about 4% below the 
45° value. The shape of the curve near the minimum has 
Deen investigated carefully and shows a much narrower 
“‘dip”’ than would be predicted by pure S-wave scattering. 
A phase-shift analysis is being made. 


ommission 


* Supported in part by the U. S. Atomic Energy 
A. Phys. Soc. Ser. II, 2, 


A. Swenson and L. H Johns ston, Bull. Am 
180 (1957). 


SA4. Elastic Scattering of 40-Mev Protons.* Morton K. 
Brussett AND Joun H. WILLiAMs, University of Minnesota.— 
Forty-Mev protons from the University of Minnesota linear 
accelerator were elastically scattered from Fe™, Fe®*, Ni, 
Ni®, and Cu® targets to obtain absolute differential cross 
sections in the range of laboratory angles 7.5° to 110°. 
Measurements were made using NaI (T1) scintillation detectors 
which could in general distinguish between elastic and in- 
elastically scattered protons. Differential cross sections varied 
from a maximum at 7.5° to a minimum approximately four 
orders less in magnitude at 110°. Generally, the cross sections 
followed a point charge Coulomb law variation, departing 
therefrom only at diffraction-like maxima and minima. 
Maxima appeared near 36.5°, 62.5°, and 95°. Minima ap- 
peared near 27°, 55°, and 85°, and an inflection was noted 
at approximately 14°. Distinct differences in the features of 
the angular distributions from element to element were 
noted. A discussion of the effects probably due to closure of 
the Z=28 and N=28 shells will be given. 


* Supported in part by the U. S. Atomic Energy C ommission. 
+t Now at Brookhaven National Laboratory. 











SAS. Proton-Proton and «* Meson-Proton Elastic Scatter- 
ing at 1.23 Bev/c. Leonarp O. ROELLIG AND Donatp A. 
GLASER, University of Michigan.—A beam of positive par- 
ticles from the Brookhaven Cosmotron, magnetically focused 
and analyzed, was sent through a 12-in. propane bubble 
chamber. The ratio of the number of protons to the number 
of pions, muons, and electrons in the beam was 1.75+0.09. 
The differential and total cross sections for p-p elastic scat- 
tering agree with results of counter experiments performed 
at a similar energy. We find that the r*-p differential elastic 
scattering has the same shape as has been observed for x~-p 
elastic scattering in this energy region. Curves and values of 
the cross sections will be presented. 


SA6. Scattering of w= Mesons by Nuclei. J. FRANKLIN AND 
B. Marcorts, Columbia University.—Determination of the 
direction of the spin of ~ mesons from x-meson decay is of 
interest in weak interaction theory. The longitudina! polariza- 
tion of the w mesons from x decay can be converted into 
transverse polarization by several methods. The scattering 
of transversely polarized ~~ mesons by point nuclei would 
have the same left-right asymmetry (for the same 8) as 
calculated by Sherman! for electrons. In the energy range 
(8=0.2—0.9) at which strong polarization effects occur, 
electrons do not penetrate the nucleus. Mu mesons, however, 
because of their greater mass, do penetrate and their scatter- 
ing should be corrected for finite size. A hand calculation has 
been made for the case Z=80, 8=0.2 assuming a uniformly 
charged nucleus of radius R = 1.2 A! x 10~" cm and appreciable 
left-right asymmetry has been found at large angles (—5% 
at 105°, —11% at 120°, —20% at 135°). The cross section 
at these angles varies from 57% of the point nucleus cross 
section at 105° to 18% at 135°. The indication is that pene- 
tration of the nucleus does not destroy the asymmetry 
predicted by Sherman! for point nuclei. This is expected to 
hold true for higher energies. Machine calculations are being 
performed for higher energies and further results will be 
presented at the meeting. 


1N. Sherman, Phys. Rev. 103, 1601 (1956). 


SA7. Polarization of w* from the K,».* JuLiet Leg, G. 
HARRIS, AND J. OREAR, Columbia University —An experiment 
is in progress to measure the polarization of the u* secondary 
from K,y2* endings in nuclear emulsion. A stack of 3.23.5 
9.5 inches was exposed to a 300 Mev/c Bevatron K* beam 
with the 9.5-inch dimension vertical. About 28 000 K* were 
stopped in a 1 cm vertical region at the lower end of the stack. 
Muon secondaries from the K,2 will stop at the upper end of 
the stack which is area scanned under low magnification for 
u* endings. A solenoid producing 10 000 gauss in the vertical 
direction was fitted over this end of the stack to reduce the 
depolarization by the emulsion.! Background rauons are 
eliminated by the use of angular criteria after tracing back 
at least 3 cm. As a check, 7 muons were chosen to be traced 
back all the way. All 7 tracks led to K* endings. So far 58 
events have been found which yield a preliminary value 
a=+0.17+0.23 for the asymmetry parameter of the y-e 
decay. Since the error quoted is the statistical standard 
deviation, our result is not inconsistent with the Berkeley 
result using electronic techniques.* If the w* polarization is 
to be the same as in x* decay, we would expect to obtain 
a= —0.25 in the limit of large N.* 

* Supported by the Office of Naval Research, the U. S. Atomic Energy 
Commission, and the National Science Foundation. 

1 Orear, Harris, and Bierman, Phys. Rev. 107, 322 (1957). 


2 Coombes, Cork, Gaibraith, Lambertson, and Wenzel, 
(unpublished ). 


UCRL-8003 


SA8. Depolarization of Positive Muons in Gases; Search 
for Muonium.* V. W. HuGues, A. Lurio, anp D. P. MALONE, 
Yale University, L. LEDERMAN AND M. WErNrRICH, Columbia 
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University.—The depolarization of positive muons stopped in 
various gases has been studied in an experiment similar to 
that of Garwin, Lederman, and Weinrich. The gases at pres- 
sures from 20 to 60 atmos were contained in a thin-walled 
stainless steel cylinder 12 in. in length and 6 in. in diameter. 
The peak and valley gated positron counting rates were 
measured at the appropriate vaiues of the magnetic field 
which causes the precession of the muon spins. The fraction 
of the total counts which arises from muons stopping in the 
gas is between about 4 and 3. The following values are ob- 
tained for the ratios of peak counts (P) to valley counts (V): 


Gas Pressure 
and cylinder 


(psi) P/V 
Conte alone see 1.79 +0.09 
825 1.25 0.05 
SF. 300 1.49 +0.06 
SFe+Xe : 300(Xe-2) 1.5420.09 
2 Sed 225(NO-90) 1.38 20.18 
700-800 1.04 0.04 
oS 700 1.432015 
O: 900 1.5520.14 
* This research in part by the U. S. Air Force Office of 
Scientific Research, the | of Naval Research, Bag yb 


Energy Commission. 


SA9. Transverse Polarization of the Electrons in the Decay 
of Au™.* P. C. Simmst AnD R. M. Sterren, Purdue Uni- 
versity.—It was suggested by Curtis and Lewis’ that experi- 
ments on the correlation of the transverse polarization of 
electrons with the direction of a gamma ray would lead to an 
independent verification of the violation of parity and charge 
conjugation invariance, and also to a possible test of the 
invariance under time reversal. Such experiments are being 
performed on Au*. The transverse polarization of the 
electrons is observed by elastic scattering on a 2 mg/cm* gold 
foil (Mott scattering). Control measurements are made by 
replacing the gold foil with a 4 mg/cm? Al foil. The measure- 
ments indicate that the transverse polarization is small: 
Py =0.02+0.02; P,=0.04+0.04, where Py indicates the 
magnitude of the polarization im the plane of the electron 
and gamma ray, and P, is the polarization perpendicular to 
that plane. The measurements are being continued and more 
accurate data will be presented. 


_ * Supported by the U. S. Atomic Energy Commission and by Eastman 
. Curtis and R. R. Lewis, Phys. Rev. 107, 543 (1957). 


SA10. Measurements on the Longitudinal Polarization of 
Beta Rays from P*, Y*, Au™*, and Bi*"* (RaE). J. S. Geicer, 
G. T. Ewan, R. L. Granam, anp D. R. MacKenzie, Chalk 
River Laboratories—The polarization of beta rays has been 
examined using the Moller scattering technique.’ In our 
apparatus a +4° beam of electrons strikes a magnetized 
Deltamax foil (2.7 mg/cm*). Coincidences are observed be- 
tween the elastically scattered electron pairs by two scintilla- 
tion counters symmetrically placed at 37.5° to the incident 
beam direction and biased to record electron energies greater 
than 150 kev. To minimize systematic errors the following 
steps were taken: (a) the apparatus was aligned using optical 
techniques; (b) the apparatus was evacuated; (c) a low 
magnetizing field of 0.4 gauss (B in foil =12 860+300 gauss) 
was used to reduce magnetic deflection of the electrons. The 
true coincidence counting rates for the two directions of foil 
magnetization were corrected for the observed true rate with 
the foil absent (~4%) and, in the case of Au™, for the 
beta-gamma coincidence rate with the foil present (~6%). 
The measured asymmetries (difference/average) to date are 
P® 5.140.3%, Y* 4.740.3%, Au™ 5.040.9%, and RaE 
3.5+0.8%. The predicted asymmetry for full negative v/c 
polarization in our geometry is 5.15 to 5.35% depending on 
spectral shape. The asymmetry with a 4 mg/cm* copper 
scattering foil under these conditions is <0.1%. No allowance 
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has been made for source thickness or multiple scattering in 
the foil. 


1H. Frauenfelder et al., Phys. Rev. 107, 643 (1957). 


SA11. Polarization of Electrons Emitted in the Decay of 
Cs’ and Pm"™’,* J. S. GREENBERG, V. W. HuGues, D. P. 
MALonge, AND A. R. Quinton, Yale University.—-The longi- 
tudinal polarization of beta rays emitted in the decay of 
Cs'7 and Pm" has been investigated by using a 90° electro- 
static analyzer to transform the longitudinal polarization of 
the electrons into a transverse one and measuring the “‘left- 
right’’ asymmetry in “‘Mott scattering.’ The scattered elec- 
trons were counted at an average angle of 70° to the beam 
direction by two scintillation counters placed opposite in 
azimuth. The beam was monitored by a third counter. Only 
electrons in the elastic peak (energy corresponding to v/c 
=0.6) were accepted, as was determined by a multichannel 
pulse-height analyzer. It was found that in general the 
measured asymmetry was strongly dependent on the analyzing 
scatterer thickness, emphasizing the importance of plural 
scattering. Goid evaporated onto a Formvar backing 
(<10ug/cm*) was used for the scatterer, and the thickness 
of the gold was varied from 75 yg/cm? up to approximately 
1 mg/cm?. The inherent geometrical asymmetries in the 
apparatus were eliminated by studying the asymmetry as a 
function of Z of the scatterer. In addition to Au, Ag, Ni, 
and Al were used. Results will be reported with particular 
consideration to the possible systematic errors indicated above. 


Ey am lg hg by tly get on 
A. Tolhoek, Revs. Modern Phys. 28, 277 (1956). 


SA12. Asymmetry of Neutrons from the Capture of Polar- 
ized Negative Muons.* C. T. Corrin, A. M. Sacus, anp D. H. 
Tycxo, Columbia University.—Lee and Yang have suggested 
that the measurement of the angular distribution of neutrons 
emitted after the capture of polarized negative muons in 
complex nuclei may determine the nature of the coupling in 
the process u~+p—>n+yv. We have detected the neutrons and 
decay electrons from several nuclei and have investigated 
their spacial asymmetry by precessing the stopped muons. 
Pulse-height analysis of recoil proton energies in a large 
scintillator is used to determine the approximate neutron 
energy. No statistically significant neutron asymmetry has 
been observed from S, Zn, and Pb targets. Measured back- 
ward-to-forward ratios, corrected for background and gate- 
width smearing, for aeutrons with proton recoil energy greater 
than approximately 2 Mev are 1.00+0.02 in S, 0.99+0.03 in 
Zn, and 0.99+0.10 in Pb. For electrons, the ratios are 1.07 
+0.02 in S, 1.11+0.06 in Zn, and 1.10+0.16 in Pb. From the 
electron ratio, an estimate of 12+4% of the polarization at 


SA 


the time of capture in S yields a value of |a| =0.03+0.15 in 
an_ assumed neutron distribution of 1+acos@ from the S 
nucleus. 


* This research is supported oy the U. S. Atomic Energy Commission 


and the Office of Naval Research 


SA13. Electron-Neutrino Angular Correlation in the Posi- 
tron Decays of A* and Ne”.* W. B. HERRMANNSFELDT, P 
STAHELIN,t AND J. S. ALLEN, University of Iilinois.—The 
electron-neutrino angular correlation coefficients of A® and 
Ne” have been measured at the University of Illinois cyclo- 
tron. A repetition of earlier experimental work! gives +0.77 
<A <-+1.08 for the correlation coefficient of A®. Using the 
same experimental conditions the correlation coefficient of 
Ne” was found to be —0.68 <A < +-0.08, in good agreement 
with the mean value of all previous experiments.? The limits 
given are the experimental limits determined by a least 
squares analysis of the data. A** has two low-energy branches 
of 2% and 5% intensity reported by Kistner ef al.? The 
limits for A** include the extreme possible limits of \= + 1.0 for 
these low energy branches. The correlation coefficient of A™ 
indicates that the Fermi part of positron decay must be 
nearly pure vector. The Ne” result is consistant with either 
A,V or S,T combinations, and taken together with V in A® 
indicates that A,V is dominant in positron decay 


* Supported in part by the Office of Naval Research 
t Now at the Swiss Institute of Technology. 


ane afeldt, Maxson, Stahelin, and Allen, Phys. Rev. 107, 641 
(1957 
oe ? Allen, and Jentschke, Phys. Rev. 97, 109 (1955); M. L. Good 


and J. Lauer, Phys. Rev. 105, 213 (1957); W. P. Alford and D 
et Phys. Rev. 105, 673 (1957). 


3 Kistner, Schwarzschild, and Rustad, Phys. Rev. 104, 154 (1956 


SAl4. Apparent Conflict between Electron-Neutrino Angu- 
lar Correlations in the Beta Decays of He* and A*.* J. S. 
ALLEN, University of Illinois-—When the electron-neutrino 
angular correlation coefficient for A®* as reported by Herr- 
mannsfeldt et al. in the preceding abstract is considered with 
the correlations for the decays of the neutron, He* and Ne®, 
an inconsistency is apparent. The correlation coefficients for 
the decays of the neutron and Ne” are consistent with either 
the A,V or S,T combinations. However, the He* experiment 
indicates that the Gamow-Teller part of the beta interaction 
is tensor whereas the A* results in combination with the Ne” 
and neutron results indicate that the axial vector is the 
dominant G.T. interaction. At present, there is no obvious 
explanation of this discrepancy. In order to check our experi- 
mental procedures, we plan to measure the angular correla- 
tion in the decay of He® with the same apparatus which was 
used for the Ne” and A® experiments. 


* Supported in part by the Office of Naval Research 





Frmpay EVENING aT 7:00 


Terrace Room 


(H. D. SmytH AND V. E. EaTon presiding) 


Banquet of the American Physical Society and AAPT 


After-dinner speakers: J. R. KiLL1an, JR., AND ELMER HuTCHISSON 











Tl. Energy Levels of an Electron in the Field of a Finite 
Dipole. RicHarp F. Watts, U. S. Naval Research Laboratory, 
AND Ropert HERMAN AND HAROLD WILLIS MILNEs, General 
Motors Cor poration.—A quantum mechanical investigation has 
been made of the energy levels of an electron moving in the 
field of two fixed charges having unit magnitude but opposite 
signs and having a separation R. The Schrédinger equation 
for this problem is separable in confocal elliptic coordinates. 
The evaluation of the energy eigenvalues requires the solution 
of two simultaneous transcendental equations involving con- 
tinued fractions. The solutions of these transcendental 
equations have been worked out for the ten lowest bound 
states over a range of values of R using the IBM 704 electronic 
computer at the Technical Center of the General Motors 
Corporation. The binding energy of the electron decreases 
monotonically as R decreases for all states considered. For a 
given state the electronic binding energy is very small for 
values of R less than the Bohr radius of the corresponding 
hydrogenic state obtained by letting R-~«. Applications of 
the results to color center problems and to electronic impurity 
state problems in solids will be discussed. 


T2. Variational Calculations of the Energy of the 2°S State 
of Helium. J. TRavs* anv H. M. Fovey, Columbia University. 
—Using a 12 parameter Hylleraas type wave function con- 
taining only positive powers, a new calculation has been 
carried out for the 2S state of Helium using the Ritz varia- 
tional principle. The energy was minimized by a descent 
method. A nonrelativistic energy of —2.175217 a.u. was 
reached as compared to the lowest previously published value 
of —2.175203 a.u. from a 6 parameter function.' Calculations 
of mass polarization, relativistic, and magnetic corrections 
are nearly completed and will be reported. All calculations 
were done with an IBM 650 computer. A paper describing 
these calculations will be ot ogee shortly. 


* Watson Laboratory Fellow 1B 
1A. P. Stone, Proc. Phys. Soc. (London) A6e, 1152 (1955). 


T3. Photoelectric Effect at High Energies. T. Erser, 
Illinois Institute of Technology.—In recent years there has 
been a revival of interest in the high-energy behavior of 
certain scattering amplitudes involving bound electrons.' 
Consider, for example, ¢,, the photoelectric cross section, and 
opps ®= the cross section of the process: “A photon produces a 
pair in the field of a “naked” (i.e., without electrons) proton 
such that the electron member appears in the /-s state and 
the positron is emitted into the continuum.” Using the Dirac 
wave functions for a hydrogen-like atom as a basis for calcula- 
tion, it has been possible to confirm a remark of G. E. Brown? 
to the effect that the leading term of «, becomes equal to that 
of opps at high energies. After a rearrangement of the tradi- 
tional sequence of summations and integrations, this leading 
term may be calculated explicity in a relatively straight- 
forward manner. Detailed formulas will be presented and 
compared with previous results. 

1 Gell-Mann, Goldberger, and Thirring, Phys. Rev. 95, 1612 (1954). 


2G. E. Brown and M. L. Goldberger (1955) ivate ). 
3H. Hall, Phys. Rev. 45, 620 (1934); Revs. Modern Phys. 8, 358 (1936). 


T4. Polarization of a Degenerate Electron Gas by a Point 
Charge Impurity.* Joun J. QuinN AND RicHaRD A. FERRELL, 
University of Maryland.—The screening around a fixed posi- 
tive impurity has been studied as a prototype of such more 
complicated problems as positron annihilation and electron 
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SATURDAY MORNING AT 9:45 
Empire Suite 
(T. BERLIN presiding) 


Theoretical Physics V: Atomic Structure, Statistical Mechanics 


correlation energy. The usual treatment is significantly im- 
proved by replacing the Fermi-Thomas statistical model by 
the self-consistent Hartree central field. This is especially 
necessary for calculating the induced electron density at the 
impurity, since the Fermi-Thomas model yields an infinite 
value. A perturbation treatment of the Hartree equations is 
equivalent to using Lindhard’s wave number-d 
dielectric constant.'# The use of the Hartree field is ihe 
equivalent to summing certain terms in perturbation theory 
to infinite order, in the manner of Gell-Mann and Brueckner.* 
For high electron density the fractional increase in electron 
density at a monovalent impurity is 2.96r,—1.28r,3, where 
r, is the unit sphere radius in Bohr radii. 

* Su by the U. S. Office of Naval Research. 

tj. Li . Kgl. Danske Videnskab. Selskab Mat.-fys. Medd. 28, 8 


(1954). 
2 We are informed by M. Dresden that a to that re- 


calculation similar 
ported here is contained in a Ph.D. thesis by R. G. Alsmiller, Jr., Uni- 
versity of Rice, 1957. 

2M. Gell-Mann and K. A. Brueckner, Phys. Rev. 106, 364 (1957). 

TS. Computation of Rotator Constants from 
Energy Moments.* Paut M. Parkert anp L. CARLTON 
Brown, Ohio State University—A procedure has been de- 
scribed'* previously which relates the rotational constants of 
the rigid asymmetric rotator to experimental data through 
moments of the energy levels. This procedure in many cases 
permits the computation of rotational constants with much 
less effort than is usually met in either numerical approxima- 
tion to roots of secular equations or perturbation methods. 
Moments have been calculated based on a more general 
asymmetric rotator Hamiltonian which includes terms allow- 
ing for first order stretching effects. Also, for the rigid rotator 
Hamiltonian, calculations have been made which are based 
on the factored form of the secular determinants. The results 
will be presented and discussed. 

* This work was supported in by a contract between the Office of 
Scientific Research of the Air Development Command, 
Baltimore, Maryland, and or University Research Foundation. 

+ General Electric Fellow 1956-195 

i Brown and P.M Parker, Ph Rev. 100, 1764 (1955). 

?L. C. Brown and P. M. J. Chem. Phys. 27, 1108 (1957). 

3s, Tho Lens Sine Sees Siete a 
Peter L. AUER AND STEPHEN Tamor, General Electric Re- 
search Laboratery.—The methods used by Prigogine and 
co-workers! to treat problems in irreversible statistical 
mechanics have been applied to the problem of deriving a 
master equation for the nonuniform dilute gas. Each term 
of the perturbation series obtained by this method is expanded 
in powers of the concentration. To the first order in the 
concentration, we find with the aid of Van Hove's criterion* 
that the Liouville operator for the complete distribution 
function can be represented as a time independent Markoffian 
operator. The perturbation series for the operator is summed 
via an integral equation. Converting the operator equation 
to an integral equation, we obtain a generalization of the 
usual master equation for the uniform gas.’ In addition to 
the familiar collision operator, we obtain interference terms 
due to gradients in configuration space. The above treatment 
provides a master equation which is completely nonlocal. 
This feature of the theory may be ascribed to the fact that 
Van Hove's condition becomes valid only for times long com- 
en ee 


ay ie Physica 22, 621 (1956); 23, 555, 569, S85 (1957 
*L. Van Hove, Physica 21, a ; ). : . 
*R. Brout, Physica 22, 509 (19: 
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T7. Transport Equation for a Nonuniform Gas. STEPHEN 
TAMOR AND PETER L. AUER, General Electric Research Labora- 
tery.—To obtain a local and irreversible description of a non- 
uniform gas, a procedure for smoothing the equations of 
motion over short times has been developed. Writing the 
solution of the Liouville equation in the form p(t) = U(t,to)p (to), 
we expand U asa sum of 0, 1, 2, ---m body operators in such 
a way that for short times this becomes a concentration 
expansion. If the characteristic time for an elementary 
collision is small compared with the time for observable 
changes in the system, the binary part of U takes on a simple 
form for intermediate times. This leads to an equation of the 
Fokker-Planck type in which the collision operator satisfies 
a simple integral equation. The operator contains the Boltz- 
mann collision operator plus interference terms, and is closely 
related to the result of Bogolubov.! The final result seems to 
provide a suitable starting point for the development of 
hydrodynamics, while the long-time behavior can still be 
recovered by application of the method of Prigogine.* 


1N. Bogolubov, J. Phys. (U.S.S.R.) 10, 265 (1946). 
?R. Brout and I. Prigogine, Physica 22, 621 (1956). 


T8. Theory of Nonlinear Boson Fields.* E. P. Gross, 
Brandeis University-—We study the Hamiltonian for non- 
relativistic interacting bosons (such as helium atoms) written 
in the formalism of seond quantization. The approach is 
based on an analysis of exact solutions of the associated 
classical equations of motion.’ There is always a solution in 
which the wave field is spatially uniform; for a purely repul- 
sive potential this is the lowest energy solution. We also find 
solutions representing large amplitude disturbances which for 
small amplitudes satisfy the Bogolyuboy relation between 
frequency and wave vector. For a potential with a sufficiently 
strong attractive part, there is a spatially periodic solution. 
This is shown to be the appropriate solution for liquid helium. 
The associated disturbances have phonon character for long 
wavelength but the spectrum has a band character at short 
wavelengths. We give a procedure for finding corresponding 
quantum wave functions. A variety cf problems, such as the 
behavior of the boson fluid in a rotating cylinder, flowing 
through a pipe. propagating disturbances on a carrier back- 
ground, is solved by investigating the sol itions of the classical 
fluid with appropriate boundary conditions. 


MS ego by Office of Scientific R 
1 E. P. Gross, Phys. Rev. 106, 161 coe 


T9. Transient Behavior of a Dissipative System. JuLivus L. 
Jackson.*—In an earlier paper by this author! the response 
of a dissipative system to an externally applied generalized 
voltage was calculated. This was done in the spirit of the 
quantum statistical theory of irreversibility as introduced in 
the paper “Irreversibility and Generalized Noise” by Callen 
and Welton.? The steady state response of the system was 
obtained but it was not demonstrated that the system ex- 
hibited the correct transient behavior. Indeed, the question 
of the transient was completely omitted and it was not clear 
from what was done that the quantum mechanical model of 
a linear dissipative system was truly linear in the sense of 
having the correct transient response. Here, a general proof 
will be given that the dissipative system behaves for all 
times exactly as a linear system with transfer function, F(w), 
should and therefore must also have the correct transient 
behavior. 


* This research was performed under the National Bureau of Standards 
yer Radical- Research Program, supported by the Department of the 


A 1. Jackson, Phys. a? 87, 471 (1952). 
B. Callen and T. A . Welton, Phys. Rev. 83, 34 (1951). 


T10. Self-Consistent Statistical Model for the Many- 
Fermion Problem.* R. L. Mitts anp A. M. SEssLerR, The 
Ohio State University—-The Thomas-Fermi self-consistent 


atomic model! is extended in a natural way by the use of the 
reaction matrix techniques of Brueckner and Bethe.? The 
total potential energy of the N-fermion system may be 
approximated? by the trace of the reaction matrix: 
figuration space, 
P.E.=3 SA (X3,X1) A (x4,x2)[K (X;X_XyX,) 

— K (x:X2x4X3) |dx,dx.dx,dx,, 


where K (x;x2x5x,) is the spatial representation of the reaction 
matrix, and A(x,x’) is a projection operator onto the occupied 
single-particle states. The statistical approximation consists 
of assigning to each spatial point x a local Fermi momentum 


in con- 


«(x), replacing K(x:x2x;x,) by the reaction matrix for an 
infinite medium (involving an average value of «(x)), and 
evaluating A(x,x’) in a plane wave approximation, which 


involves x(x) and «(x’). A variational equation for «(x) is 
obtained by minimizing the total energy while holding the 
total number of particles fixed, the kinetic energy and the 
number of particles being expressed in terms of «(x) in the 
usual way.! The resulting integral equation for x(x) is meaning- 
ful even for singular potentials, and, for the Coulomb inter- 
action, reduces in the lowest approximation to the usual 
T-F equation. 

* Research supported by the National Science Foundation 

1 Gombas, “‘Statistische Behandlung des Atoms,” Handbuch der Phy 


(Springer-Verlag, Berlin, 1956), Band 36, 109. 


? Brueckner and Wada, Phys. Rev. 103, 1008 (1956 


T1l. Low-Lying States of Many Boson Systems. M. 
GIRARDEAU AND R. ARNowrTT, Syracuse University.—The 
low-lying eigenvalues and eigenstates of the pair Hamiltonian 


of a many boson system are determined. The spectrum is 
exact to within an additive constant in the limit as the 
number of particles approaches infinity. The elementary 


excitations of lowest momentum and energy are found to be 


phonons (i.e., density fluctuations). However, the phonon 
spectrum differs qualitatively from the results of previous 
calculations'* in that the energy of a phonon does not 


vanish as its momentum approaches zero. The resulting energy 
gap separating all excited states from the ground state leads 
to conditions appropriate for superfluidity of the system at 
low temperatures. 

1N, N. Bogolubov, J. Phys. (U.S.S.R.) 11, 23 (1947 


* Lee, Huang, and Yang, Phys. Rev. 106, 1135 (1957 
3K. A. Brueckner and K Sawada, Phys. Rev. 106, 1117, 1128 (1957 


T12. The Ground State of an Einstein-Bose System.* J. K 
Percus AND G. J. YEvicK, Stevens Institute of Technology.—A 
trifurcate approximation method is employed to determine 
the states of an Einstein-Bose system, with two-body inter- 
actions, which resides in a periodic box. First, assuming that 
a finite Fourier series representation (in an unspecified sense) 
of the interaction potential has been obtained, the two-body 
correlation coefficients are extracted by the method of col- 
lective coordinates, valid for both perturbation and strong 
coupling limits. Then the condition that these coefficients be 
identical, for the actual and representative potentials, is 
transformed to the requirement that addition of a certain 
interaction between two particles alone leaves the correlation 
between these two particles unaltered. Finally, the modified 
wave function for the added potential is determined varia- 
tionally, and the preceding requirement explicitly delineated. 
There results a set of self-consistent relations for the cor- 
relation coefficients; furthermore, the system energy may ve 
obtained by a quantum mechanical virial therorem for 
containers with periodic boundaries. An expansion in density 
permits explicit computation of the second-order ground 
state correlation coefficients and an expression in quadratures 
for the corresponding energy; for example, the Lee-Huang- 
Yang results for the hard sphere pseudopotential are pre- 
cisely reproduced. 

* Supported by the Office of Naval Research. 
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TAI. Theory of Beta Decay. R. P. Feynman, California Institute of Technology. (40 min.) 
TA2. The Experimental Status of Beta Decay. Martin Deutscu, MIT. (30 min.) 
TA3. Circular Polarization of Bremsstrahlung and Gamma Rays. Maurice GoLDHABER, Brook- 


haven National Laberatory. (30 min.) 


TA4. Polarization of Muons from K-Meson Decay: 
University of California, Berkeley. (30 min.) 
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SATURDAY MORNING AT 9:45 
Boston-Washington Room 


(H. E. Gove presiding) 


Nuclear Reactions III 


Ul. Gyromagnetic Ratio of 2* Rotational States.* R. P. 
SCHARENBERG AND G. GOLDRING,+ Massachusetts Institute of 
Technology.—The angular distribution of gamma rays follow- 
ing Coulomb excitation of millimicrosecond 2* states in 
Nd'®, Sm!®#, Sm', Gd", Gd'**, and Gd? were investigated. 
The gamma-ray angular distributions from solid oxide targets 
showed substantial perturbations. The attenuation coefficients 
for liquid nitrate targets were measured to be: Nd'™, G, 
=1+0.035; Sm'™®, G=1+0.035; Sm™, G,-=1.1+0.10; 
Gd'*, Gy’ =0.5+0.06; Gd™*, G-=0.62+0.04; Gd'®™, G, 
=0.6+0.06. The influence of the paramagnetic ion and the 
liquid environment on the angular distributions will be 
discussed. The effect of an external magnetic field (Hex) on 
the unperturbed gamma-ray angular distribution from liquid 
targets was measured. The effect was attributed to the 
precession of the excited nucleus (gyromagnetic ratio g) in 
the external magnetic field which has been modified by the 
atomic structure (Hef). For Nd'™, Heff=(2.3+0.3)Hex 
g=0.22+0.04; Sm, Heff=(1.7+0.2)Hex g=0.21+0.04; 
Sm'™, g=0.17+0.04, 

* This work has been supported in part by the joint program of the Office 


of Naval Research and the U. S. Atomic Energy Commission. 
t Now at the Weizmann Institute of Science, Rehovoth, Israel. 


U2. Precision Determination of Energy Levels in Isotopes 
of Hf, Ta, and Re.* E. L. Cuupp, J. W. M. DuMonn,t F. J. 
Gorpon, R. C. Jopson, aNnD H. Mark.{ University of Cali- 
fornia, Livermore.—The low-lying energy levels of the more 
abundant isotopes of Hf, Ta, and Re have been studied using 
the 3.7-Mev proton beam of the A-48 accelerator to excite 
the nuclei. The large available beam currents (~5 ma) give 
rise to gamma-ray source strengths large enough so that a 
bent quartz crystal spectrograph may be used to study the 
de-excitation gamma rays.' In Hf and Re the energies (in 
kev) of the first excited levels are: Hf7*, 88.33+0.07; Hf”, 
112.90+0.14; Hf*, 93.13+0.08; Hf”, 122.7140.18; Hf™, 
93.28+0.08; Re'*, 125.34+0.22; and Re’, 134.31+0.28. 
In Ta‘ the first excited level is observed at 136.13+-0.14 kev 
and the cascade gamma ray between the first and second 
excited levels is observed at 165.17+0.22 kev. The rotational 
level formula* predicts an energy of 302.41+0.31 kev for the 
second excited level, whereas the sum of the two gamma rays 


Measurements and Implications. W. A. 





measured here is 301.30+0.26 kev, showing a deviation of 
1.21+0.41 kev. 
ant = work was done under the auspices of the U. S. Atomic Energy 

om mission. 

+ California Institute of Technology. 

3? Now at } 

‘ Chupp. Clark, DuMond, Gordon, and Mark, Phys. Rev. 107, 745 

ag 

24. Bohr and B. R. Mottelson, Kgl. Danske Videnskab. Selskab Mat.- 
fys. Medd. 27, No. 16 (1953). 


U3. Internal Conversion Electrons Following Coulomb Exci- 
tation of Dy"*‘ and Dy*.* E. M. BeRNsTetxt AND S. BuccrNo, 
Duke University——The internal conversion electron spectra 
following Coulomb excitation of natural Dy and enriched 
Dy'® and Dy'® have been studied using a magnetic spectrom- 
eter. The following transitions were observed (energies in 
kev): Dy'®, 46, 59, 105 and Dy'®, 75, 95, 170. These transi- 
tions are assigned to the first two rotational states in each 
isotope. This is in agreement with recent gamma-ray meas- 
urements.! In addition the ground-state transition from a 
level at 164-kev is also observed in Dy’. The conversion 
electron intensity from the latter transition is about one- 
third as large as the 170-kev transition. Assuming Bohr and 
Mottleson’s rotational model to be valid the percentage of 
E, in the cascade transitions between the second and first 
rotational states are: Dy'®™, 1244; Dy", 30_.7%. The 
relative B(E2) values for exciting the two rotational levels 
in each isotope, which are calculated using the above E2 to 
M1 mixing ratios, are consistent with the theoretical pre- 
dictions within the experimental wnoertniaty. 

* Supported by the U. S. Atomic En 


+t Now at the University of Wisconsin, Reatieon Wine Wisconsin. 
1N. P. Heydenburg and G. F. heer’ (to be published). 


U4. Yields of Photo-Alpha Particles. M. ELAINE ToMs AND 
Joun McEvarney, U. S. Naval Research Laboratory.—Alpha 
particles from thin foils of Al, V, Fe, Co, Ni, Cu, Cu®, Zn, 
Nb, Rh, Ag, and In have been observed in nuclear emulsions. 
These target foils were placed between 100-micron thick, E-1 
Ilford emulsions and exposed to 21.5-Mev bremsstrahlung, 
hardened by 86.2 cm of graphite. The calculated ratio of the 
number of photons of energy >10 Mev (the effective photons) 
in the unhardened x-ray beam to the hardened beam was 
13.35. When this factor was applied to the results for copper, 
a yield of (3:120.4) x 10‘ alphas mole*R™ at 21.5 Mev was 
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obtained. This value is in good agreement with a yield of 
(3.9:+6.6).X10* alphas moleR- previously obtained from 
copper bombarded by 22.0-Mev unhardened bremsstrahlung.' 
The following yields were obtained, in units of 10‘ alphas 
mole*R™; Al-1.5, V-0.5, Fe-2.3, Co-2.7, Ni-4.7, Cu-3.1, 
Cu®-4,3, Zn-9.9, Nb-0.6, Rh-0.3, Ag-0.2, and In-0.1. The 
unexpectedly high yields from aluminum and zinc will be 
discussed. 

1M. E. Toms and J. McElhinney, Bull. Am. Phys. Soc. Ser. II, 1, 192 
(1956). 


US. Cross Sections in C, O, and Al.* S. PENNER 
AND J. E. Less, National Bureau of Standards.—The (7,p) 
cross sections from C, O, and Al have been measured at 
photon energies between 12 and 65 Mev at a lab angle of 90°. 
Essentially only the fraction of the reaction which leaves the 
residual nucleus in its ground state was detected. Transitions 
to the first excited state of the residual nucleus were detected 
with an efficiency of 10% or less of the efficiency for detecting 
ground-state transitions. The method used was to detect the 
protons from the reaction in a very thin CsI (TI) scintillator. 
The minimum proton energy is determined by absorbers 
placed in front of the detector. The maximum proton energy 
is determined by the peak energy of the bremsstrahlung 
spectrum. The energy bin so chosen was 4 to 5 Mev. The 
measured cross sections in carbon are in agreement with the 
Pennsylvania results' at 23 Mev. Between 23 Mev and 65 
Mev the carbon cross section decreases by a factor of about 
400. 

* This work was partially supported by the U. S. Atomic Energy Com- 


1 Cohen, Mann, Patton, Reibel, Stephens, and Winhold, Phys. Rev. 104, 
108 (1956). 


U6. Photoneutron Cross Sections of Eu‘*' and Eu'**.* B. C. 
Cook AND K. GELLER, University of Pennsyloania.—A general 
broadening of the width of the giant resonance in photo- 
nuclear cross sections for nonmagic nuclides is now well 
established. The correlations of width with nuclear deforma- 
tion for spheroidal nucleii has been suggested but is as yet 
unconfirmed. Since it is known from Coulomb excitation 
that the ground state of Eu'™ is spherical while that of Eu'® 
is spheroidal, a measurement of the total y-absorption cross 
section for these isotopes will yield evidence regarding the 
possible correlation. The yields of photoneutrons from en- 
riched Eu’! and Eu'* have been measured from threshold 
(~8 Mev) to 24 Mev in 200-kev intervals using brems- 
strahlung from a 25-Mev betatron. The shape of the two 
excitation curves is quite dissimilar. For Eu’ the curve is 
typical of curves obtained for most elements while Eu'* the 
curve is quite similiar to that of Ta, an element known to 
have a very broad cross section. The cross sections obtained 
by analysis of the yield curves will be presented. 

oe in part by ee ee 


and Development Command, of the 
Ome ol of the Naval Research and the U. S. [—S ~~. \Conmioden. 


U7. Attachment Cross Section for Electrons by Fast Pro- 
tons. R. J. Connor, P. H. Rose, anp R. P. BastipeE.—Proton 
beams were passed through targets of several gases and the 
cross section for electron attachment was measured for 
energies between 0.4 and 2.0 Mev. The neutral beam pro- 
duced was measured calorimetrically and by monitoring the 
luminescence produced by the beam on a glass plate with a 
photomultiplier. The results are compared with the values 
predicted by theory.!* 


1T. Pradhan, Phys. Rev. 105, 1250 (1957). 
2 J. D. Jackson and H. Schiff, Phys. Rev. so, 359 (1983). 


U8. Inelastic Scattering of Deuterons.* J. L. YNTEMA AND 
B. ZEIDMAN, Argonne National Laboratory.—The inelastic 
scattering of 2.6-Mev deuterons by a number of elements 


(Au, Pt, Ag, Rh, Cu, Ni, Zn, Mg) has been measured at 
several angles with the Argonne 60-in. scattering chamber. 
The deuterons were detected by means of two Nal crystals. 
The product of the two signals was used to gate the 20- 
channel analyzers. The inelastic spectrum shows a structure 
which is dependent on angle. The cross section for inelastic 
scattering appears to be peaked in the forward direction. 
There is no indication of a strong increase in cross section with 
increasing excitation. 


*Work performed under the auspices of the U. S 
Commission. 


Atomic Energy 


U9. Miscellaneous Investigations of Anomalous Inelastic 
Scattering. ALLEN G. RusIN AND BERNARD L. ConEN, Oak 
Ridge National Laboratory.—Anomalous inelastic scattering of 
protons by heavy nuclei' has been investigated by (1) deter- 
mining the dependence of the effect on incident proton 
energy, (2) measuring the energy spectra of the de-excitation 
gamma rays, and (3) studying the effect in regions of the 
periodic table previously inaccessible because of difficulties 
in target preparation. In (1), it was found that, in general, 
the peak occurs at the same Q value for bombarding energies 
between 22.5 and 12.5 Mev; this indicates that the effect is 
not a “giant resonance” phenornenon. The section 
decreases slowly (~40% over the energy range studied) as 
the incident energy is decreased. In (2), it was found that 
transitions direct to the ground state occur with ~10% 
probability; such transitions are thus not strongly forbidden 
as predicted by some theoretical explanations. Some gamma 
rays do occur in a large precentage of cases; their significance 
will be discussed. In (3), the region between atomic numbers 
54 and 71, 30 and 40, and isolated heavy nuclei are being 
studied; results will be presented. Preliminary data indicate 
that the cross section decreases from atomic numbers 54 to 62 


1B. L. Cohen, Phys. Rev. 105, 1549 (1957); B. L. Cohen and S. W. 
Mosko, Phys. Rev. 106, 995 (1957). 


cross 


U10. 23-Mev Proton-Induced (f,a) Reactions. Ciype B 
FULMER AND BERNARD L. CoHEN, Oak Ridge National Labora- 
tory.—(p,a) reactions induced by 23-Mev protons in various 
elements throughout the periodic table were studies by 
observing the outgoing alpha particles. Alpha-energy distribu- 
tions and absolute differential cross sections were measured 
at 30°, 60°, 90°, 120°, and 150°. For atomic numbers >50 
the energy spectra are characterized by broad maxima which 
fali sharply to zero on the low-energy side, Maxima occur at 
energies far below the Coulomb barrier for r>=1.5 fermis; 
this cannot be explained as a product of level density functions 
and Coulomb barrier penetration factors since this leads to 
total (p~,2) cross sections many orders of magnitude too 
small. It indicates that the alpha particles are formed at a 
distance corresponding to ro~1.9 fermis. Angular distribu- 
tions are peaked forward, but the anisotropies are not large 
except in the high-energy tails. In the heaviest elements 
angular distributions are strongly forward and the maxiina 
in the energy spectra occur near the highest energy. All of 
this evidence strongly indicates that the principal inter- 
action is of a noncompound nucleus type. Total cross sections 
vary from ~100 mb for Z Z 35 to ~3 mb for Pt. 


Ul1l. Magnetic Analysis Studies of 23-Mev Proton In- 
elastic Scattering. BERNARD L. CoHEN AND ALLEN G. RuBIN, 
Oak Ridge National Laboratory.—The high-energy portion of 
the proton energy spectrum from inelastic scattering of 
23-Mev protons by 25 medium weight and heavy elements 
was studied with 150-200 kev resolution utilizing magnetic 
analysis. At excitation energies between 0.2 and 1.8 Mev, 
the strongest groups are those leading to the lowest collective 
vibrational levels; their cross sections are strongly correlated 
with the reduced widths of these levels found from Coulomb 
excitation. The second vibrational levels are also excited, 
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but with cross sections an order of magnitude smaller. The 
region between 1.8 and 4 Mev excitation is characterized by 
strong maxima with energies and cross sections extraordinarily 
regular from element to element, as was found previously in 
measurements with scintillators'; in several elements, more 
detailed structure was resolved than in the scintillation work, 
but there is little marked similarity in this detailed structure 
between neighboring elements or between isotopes of the 
same element. The cross sections for these maxima is of the 
same order as those for excitation of the lowest vibrational 
states. Sharp structure is found in the spectra of almost all 
elements out to 4.5 Mev; in some elements, it extends much 
farther. 


1B. L. Cohen, Phys. Rev. 105, 1549 (1957); B. L. Cohen and S. W. 
Mosko, Phys. Rev. 106, 995 (1957). 


U12. Measurement of He* and He‘ Produced by High- 
Energy Protons in Iron.* O. A. SCHAEFFER AND J. ZAHRINGER,f 
Brookhaven National Laboratory.—A high-sensitivity mass 
spectrometer has been used to measure the He* and He* 
produced in iron by 0.16-, 0.41-, and 3.0-Bev protons. The 
spectrometer had a sensitivity of 1.410-" cc NTP/mv for 
Het. The background at He‘, determined by melting a piece 
of urbombarded iron, was about 10° cc He* at NTP. The 
background at He*® was lower by about a factor of 10. The 


Tasce |. Helium produced bye protons in iron. 














Proton energy, Bev 0.16 O41 30 
¢, mb for He 120 450 
He? /Het 0.10 0.10 0.18 








ratio of gas measured to background was always at least 20. 
The results are summarized in Table I. The results will be 
discussed in relation to evaporation theory and the helium 
content of iron meteorites. 

* Research performed under the auspices of the U. S. Atomic Energy 


Commission. 
+ Assisted by the Deutsche Forschungsgemeinschaft. 


U13. Radiochemical Studies of the (p,pn) Reaction in 
Complex Nuclei in the 82-426 Mev Range. H. P. YULE AND 
ANTHONY TURKEViICH, University of Chicago.—Cross sections 
for the reactions F(p,pn)F¥*, Cu*(p,pn)Cu“, and Au"*’- 
(p,pn)Au™* have been measured in the energy range 82-426 
Mev. These cross sections are based on the absolute values 
of Crandall et al for the reaction C"(p,pn)C". The three 
excitation functions decrease quite rapidly with increasing 
energy in the lower end of the energy range and then level 
off to a very slight downward energy trend above 250 Mev. 
Cross sections range from 122 mb for Au’ at 82 Mev to 23 
mb at 426 Mev for F*. Our cross sections for F® and Cu® at 
426 Mev are about twenty percent higher than the value 
published by Markowitz ef al.? in their study of (p,pm) 
reactions above 400 Mev. Cross sections for these and other 
(p,m) reactions have been calculated from the Monte Carlo 
calculations of Metropolis et al. combined with evaporation 
theory. The theoretical results for the reactions Cu (p,pn)Cu™ 
and Au”’(p,pn)Au™* are low by factors of two and three low, 
respectively. The extrapolation of the Monte Carlo calcula- 
tion from AF’ to F¥, gives good agreement in this case. 


! Crandall, Millburn, Pyle, and Birnbaum, Phys. Rev. 101, 329 . 
Pope ony Rowland, and Friedlander, Bull. Am. Phys. Soc. . I, 
a, ( ). 
ont Metropolis, Turkevich, Miller, and Friedlander, Bull. Am. Phys. 
Soc. Ser. Ti II, 2, 63 (1957); (to be published). 
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UAL. Scanning Field Alternate Gradient Accelerators.* 
TosHio KitaGak1, Princeton University.—A kind of AG focus- 
ing is obtained by the alternate combination of radial sector 
de guiding fields and quadrupole focusing fielis of opposite 
high gradient. The focusing field is radially shifted, increasing 
its gradient as the beam energy goes up. This scanning field 
is analogous to the rotating field in rotating machines and is 
produced by successive pole face windings. The ion dynamics 
are similar to that of the radial sector FFAG, however the 
average radius is small in this case (~30m for 10-Bev proton 
s.t.). The beam is injected into a large aperture (~40 X70 cm*) 
and shifted continuously to a smaller aperture (~4 8 cm’). 
Since the scanning field supplies only the gradient in a limited 
region, its maximum field and stored energy are small 
(~3 kG, 2 10* joules), and hence the scanning rate can be 
much higher than the repetition rate of conventional ac 
machines. These considerations indicate the possibility of 
high-intensity accelerators in the 1 to 100-Bev range which 
utilize this principle. 


by the U. S. Atomic Energy Commission and the Higgins 
u 


* Supported 
Scientific Trust 


UA2. The 3/4 Resonance and Beam Extraction from the 
AVF Cyclotron. M. M. Gorpon* anp T. A. WELTON, Oak 
Ridge National Laboratory—The AVF (spiral-sector) cyclo- 


tron being developed at Oak Ridge National Laboratory is de- 
signed to accelerate protons with fixed orbital frequency up to 
the integral radia! resonance », = 2(~850 Mev). For an 8-sector 
machine, this point coincides with the 8/4 nonlinear essential 
resonance which leads to radial instability. An investigation 
has been carried out to determine the feasibility of utilizing 
this instability to achieve efficient beam extraction. Extensive 
phase space maps of orbit invariants appropriate to this 
resonance have been obtained from numerical computations. 
These results show that this resonance will provide large 
radial amplitude growth rates without mutilating the radial 
phase area occupied by the beam. The maximum growth 
rate attainable in practice is limited by the effects of the 
v,=2», coupling resonance. A growth rate of 4 cm/turn has 
been obtained without significant deterioration in the vertical 
motion. Beam extraction can be effected by small cos26-field 
bumps which “steer’’ the beam into the 8/4 resonance which 
then rapidly builds up the amplitude until the beam enters 
the exit channel. 
* On leave from the University of Florida. 


UA3. Resonant Inflection in Alternating Gradient Syn- 
chrotrons. T. A. WELTON, Oak Ridge National Laboratory.— 

An AVF cyclotron is capable of supplying an intense proton 
beam at energies near 1 Bev and with optical characteristics 
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well-suited to synchrotron injection. A large performance 
advantage can be achieved by use of an alternating gradient 
synchrotron, but conventional single turn injection is both 
wasteful and difficult with such a beam. Suppose, however, 
that the radial frequency is made a quarter odd integer and 
certain frequency relations are maintained between the 
synchrotron and cyclotron oscillators during injection. Suc- 
cessive pulses from the cyclotron can then be introduced 
parallel to the equilibrium orbit with large amplitude, by 
use of a conventional magnetic channel. A cavity with radial 
electric field and sextupole shape, with frequency one-quarter 
of the accelerating cavity, can then cause steady reduction 
of radial amplitude, by a simple resonance effect, and thus 
cause the beam to clear the channel wall. High efficiency in 
filling the synchrotron phase space is expected, with rather 
simple apparatus. Detailed calculations will be presented 
which allow simple estimation of the number of turns of 
injected beam which can be accepted. 


UA4. On the Use of Very Strong Focusing Magnetic Lenses. 
Matcotm A. MacLeop,* Boston College, anpD R. W. WANIEK, 
Harvard University and MIT.—With the development of 
pulsed magnets operating up to a megagauss'~ it becomes of 
practical importance to analyze the performance of magnetic 
lenses at these high fields. Assuming a Glaser-type, bell- 
shaped distribution for the fields, H,=H»o/{1+(z/a)*}*, the 
paraxial equation can be applied to yield universal curves for 
different values of the parameter k?=(2.25-10*B*a*)/(7T? 
+2TE»), giving a complete description of the particle tra- 
jectories. Curves for k? ranging from 0.1 (conventional 
magnetic lenses) to 108 have been obtained for different 
injection points and angles by evaluation with an IBM 704 
computer. The usefulness of these leases for strong focusing 
of nuclear particles of high energies and for the compression 
of beams will be discussed. 

* Now at Brandeis University. 

1H. P. Furth and R. W. Waniek, Nuovo cimento 3, 1350 (1955). 


2H. P. Furth and R. W. Waniek, Rev. Sci. Instr. 27, 195 (1956). 
* Furth, Levine, and Waniek, Rev. Sci. Instr. 28, 949 (1957). 


UAS. An Ionization Gauge Detector for Molecular Beams. * 
F. C. Hurvsut, University of California —-The application of 
ionization gauges to the detection of molecular beams is 
discussed and the performance of an existing detection 
system for surface scattering studies is described. Beams of 
argon and of nitrogen have been employed to the present 
writing. Minimum resolvable pressure increments within the 
gauge volume due to the beam are of the order of 10-" mm 
Hg. Limitations of the system are considered in relation to 
those of other currently available detection systems. 


* Work jointly sponsored by the Office of Naval Research and the Office 
of Scientific Research. 


UA6. A New Design for an Angular Distribution Chamber. 
R. L. Clarke, Chalk River Laboratories.—A nuclear reaction 
chamber convenient for studying the angular distribution of 
charged particles using magnetic analysis has been developed. 
It permits the examination of particle groups emitted in the 
horizontal plane between —25° to +144° with respect to the 
incident horizontal beam and is employed in conjunction 
with a Kellogg magnet! and the Chalk River electrostatic 
accelerator. The scanning motion of the outlet port of the 
chamber is produced by the action of three rotating O-ring 
seals which are geared together and driven by a single motor. 
Thus it is possible to move the outlet port over the whole 
range without breading the vacuum. The motor is controlled, 
in turn, by the movement of the Kellogg magnet on its circular, 
horizontal track. The kinematic principles of the chamber 
will be given, and a sample of the results that can be obtained, 
taken from the Be®(He*,p)B" reaction, will be shown. 


' Snyder, Rubin, Fowler, and Lauritsen, Rev. Sci. Instr. 21, 852 (1950). 





UA7. Study of the Mechanism of Bubble Formation in a 
Propane Bubble Chamber.* Water I. Go_pBurRG, Carnegie 
Institute of Technology——To help put a lower limit on the 
sensitive time of organic liquids commonly used in bubble 
chambers a static electric field of 15 kev/cm was applied 
across a small propane bubble chamber which was then 
expanded in the conventional manner when a beam of 350- 
Mev protons was passed through it. The bubble density along 
the tracks was measured with both field on and field off. 
Within statistics (+4%) no difference in bubble density was 
observed for the two cases. Using a thermodynamic model of 
bubble formation in superheated liquids' in conjunction with 
known energy loss data, it is concluded from the foregoing 
experiment that the sensitive time of propane is less than a 
microsecond, making the development of a triggerable 
bubble chamber difficult, if not possible. From the 
thermodynamic model it is possible to calculate the pres- 
sure for spontaneous boiling as a function of temperature. 
This has been done for propane, hydrogen, and helium. 
These results are compared with measurements made in this 
and other laboratories. 


* This work is supported by the U. S. Atomic Energy Commission 
1W. Doring, Z. physik. Chem. (B)36, 373 (1937). 


UA8. Thirty-Inch Propane Bubble Chamber.* Witson M. 
PowWELL, WILLIAM B. FowLer, AND Larry OswaLp, Uni- 
versity of California.—Hydrostatic support has been used to 
make operational a large propane bubble chamber measuring 
30 by 18 by 6.5 in. mounted in a magnetic field of 14 000 
gauss. Successful pictures have been made at the Bevatron 
in a K* beam at ten picture per minute. The oil container 
forms the top pole and part of the bottom pole of the magnet. 
Photographs are taken through two small glass windows at 
the top of the magnet. The oil pressure is varied by com- 
pressed air separated from the oil by a cylindrical rubber 
diaphram. The beam enters a 2X9-in. window, and must 
pass through two }-in. thick pieces of stainless steel and 1 in 
of oil before reaching the propane. 


* This work was supported by the U. S. Atomic Energy Commission. 


UA9. Plastic Filament Scintillation Counters and Cham- 
bers.* GEORGE T. REYNOLDs AND P. E. Connon, Princeton 
University.—Filaments of plastic scintillation material have 
been formed and prepared as scintillation counters of various 
sizes up to several inches in dimension. The filaments act as 
light pipes for the scintillation light output when charged 
particles pass through the array. The diameters of the fila- 
ments have been the order of 0.5 mm. The performance of 
these counters has been compared to solid plastic scintillators 
of the same dimensions, and the light output of the filament 
array is found to be about 60% of that of the solid. The 
application of the filaments to scintillation chambers utilizing 
image intensifier tubes will be discussed. 


* Supported by the joint program of the Office of Naval Research and 
the U. S. Atomic Energy Commission. 


UA10. Some Performance Characteristics of the Evapor- 
Ion Vacuum Pump.* H. Lucks, R. GRAretzer, I. SHERMAN,T 
AND E. WESTERBERG, University of Wisconsin—A 12-in. 
Evapor-Ion vacuum pump was constructed using an evapora- 
tor and feeder mechanism differing from pumps previously 
described. Measurements of the pumping speeds of COs, 
NHs, and water vapor indicated that they are gettered by 
titanium since pumping speeds were independent of ionization 
current. Pumping speeds of several thousand liters per second 
were obtained for each of these gases. Sulfurhexafluoride 
and butane showed some gettering and pumping speeds of 
these materials were about 100 I/sec. Methane, ethane, 
propane, and isobutane were not pumped without ionization. 











SESSIONS 


Attempts are being made to decompose these hydrocarbons 
at low pressures. Some experiments with CuO and alumina 
gave negative results. Attempts were made to compare the 
gettering action of zirconium with titanium. Evaporators 
made of graphite, tantalum, tantaloy, and tungsten disinte- 
grated before accurate measurements could be made. Data 
obtained showed no appreciable difference in the gettering 
action between these two metals. Studies have been made of 
pump starting procedures with several electrode arrange- 
ments. Evaporation was initiated at pressures easily reached 
with a forepump. 

* Work supported by the National Science Foundation and by the 
Graduate School from funds supplied by the Wisconsin Alumni Research 


Foundation. 
t Now at Argonne National Laboratory. 


UAI11. Design and Construction of Two-Inch Evapor-Ion 
Pump.* R. A. Froscu, W. R. Dani, James D. ELBERT, AND 
R. G. Hers, University of Wisconsin.—Following from the 
large size Evapor-lon pump this pump has been developed to 
reduce the size and power requirements needed to obtain a 
clean vacuum, typical of a pump of this type. The pump has 
a throat diameter of 2 in. and an over-all height, including 
electrical terminals, of 104 in. Materials used in the construc- 
tion of this unit and construction methods are such that a 
bakeout up to 500°C is possible. Wire is stored in a coil inside 
the pump and is fed to the evaporation region by means of a 
compact electromagnetic device. The wire passes through a 
coiled tungsten filament where it is heated by electron bom- 
bardment and is evaporated. Evaporation has been studied 
from several types of stranded wire. When power is properly 
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controlled complete and smooth evaporation has been 
obtained. 
*Work su ational Science Foundation and by the 


pported the Ni 
Graduate School from funds 7 by the Wisconsin Alumni Research 
Foundation. 


UAI12. Performance of Two-Inch Evapor-Ion Pump.* W. 
R. Dast, R. A. Froscn, anp R. G. Hers, University of 
Wisconsin.—In general performance characteristics the 2-in. 
pump is similar to large sized Evapor-lon pumps but with 
lower pumping speeds. For starting, the pump is baked out— 
this during the roughing period. After the pump is cooled, 
evaporation may be commenced and the valve to the fore- 
pump should be closed. The wire to be evaporated is main- 
tained at about 1000-v positive, and current required for 
evaporation is about 0.015 A. Inert gases are ionized by 
electrons flowing from the filament to a fine wire grid below 
the evaporation region. As ions drift outside the grid they 
are accelerated to the pump wall where some are trapped in 
the titanium layer. The grid is normally at 600 v positive and 
draws a current of about 0.015 ampere. Filament heating 
power is 55 w and thus over-all power consumption is about 
80 w. Air from a small blower cools the pump wall. Some 
values obtained for pumping speeds are oxygen at a pressure 
of 2X10-* mm of Hg, 35 I/sec, hydrogen at 5X10~-* mm of 
Hg, 45 |/sec, argon at pressures between 1X 10~* and 1x 10-* 
mm of Hg, 0.04 I/sec. The grid is now being rearranged to 
permit use of higher electron currents so as tu obtain higher 
pumping speeds for argon. 


*Work supported by the National Science Foundation and by the 
+ ee School from funds supplied by the Wisconsin Alumni Research 
oundation. 
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Governor Clinton 


(G. J. DrENEs presiding) 


General Solid-State Physics 


Vil. Monte Carlo Investigation of the Order-Disorder 
Transformation in a Body-Centered-Cubic Structure. P. A. 
Finn, G. M. McManus, AND JAMES BARDEEN, Westinghouse 
Research Laboratories.—The order-disorder transformation has 
been investigated for a binary b.c.c. structure by a Monte 
Carlo calculation based upon the mechanism of vacancy 
diffusion in a disordered lattice, assuming only nearest 
neighbor interactions. In this treatment the vacancy jumps 
with a probability weighted according to an A-B interaction 
energy/kT. Both the long-range order and the short-range 
order parameters are calculated during the diffusion until a 
steady state is attained. Thus both the equilibrium value of 
the order parameters and the kinetics of the ordering process 
are obtained. 


V2. On New Types of Order-Disorder Phase Transitions 
in Some Complex-Ion Salts.* Y. Oxaya, N. Srempte, S. 
HosHino, AND R. Pepinsky, Pennsylvania State University.— 
New order-disorder transitions have been found in cubic 
crystals of 


[Co (NH ae] (C104), [Co (NH ae] (BF,),, [Co(NH a)e ]SO,Br, 


and 


[Co (N H;)sHO (C104). 


In these the large complex ions dominate the packing of the 
structures, and the smaller ions have sor.e freedom in position 


and orientation. The transitions have been examined optically, 
by x-rays, and thermally. The ordered phase has a super- 
structure lattice with cell constant twice that of the disordered 
phase. Remaining short-range order in the disordered phase 
is revealed by maxima in diffuse scattering in stationary- 
crystal photographs taken with filtered CoKa radiation. 
Results are discussed thermodynamically, and are compared 
with nuclear magnetic resonance measurements obtained by 
Murray! on [Co(NHs)¢](BF,4)s. 


Transition Energy, Entropy, 
Crystal point (s) keal/mole_cal/mole-deg 
Patt Sg 61°C 0.31 0.93 
Co(NHa)s )( BFs) —2°C 0.21 on 
Co(NHs);- EA MCIas 41°C 


0.28 
[Co(NH:)eJSO«- Bi 25°C and 140°C 0.33 and 1.62 0.83 ead 3.95 


~ Seuported by U, S. Air Force Office of Scientific Research and U. S. 
Army Signal Corps g Labora! 
1G. Murray, modny MIT (1956). 


V3. Dislocation Arrangements in Plastically Bent Silicon 
Crystals.* J. R. Patert, Raytheon Manufacturing Company 
(introduced by J. Lavine).—Dislocations introduced into 
single crystals of silicon by plastic bending at an elevated 
temperature have been studied quantitatively by the etch 
pit technique. The average etch-pit density after deformation 
is approximately two to three times higher than the calculated 
dislocation density. Prolonged annealing of the deformed 
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sampies at a temperature close to the melting point results 
in polygonization or the alinement of etch pits perpendicular 
to the active slip planes. Satisfactory agreement was obtained 
between the densities of etch pits in the annealed and polygon- 
ized specimens and the predicted dislocation densities. Pileup 
horizontal arrays of etch pits have been observed in lightly 
bent samples. The calculated value of yield stress obtained 
from the geometrical distribution of these arrays is an order 
of magnitude below the reported experimental values. Dis- 
location lines in single crystals deformed very lightly at 
1000°C have been revealed by the technique of copper 
decoration. Examination of the decorated samples by infrared 
transmission microscopy revealed that the dislocation lines 
lie in the [211] direction. 


* Supported in part by the Bureau of Ships. 


V4. Detection of Optical Lattice Vibrations in Ge and ZrH 
by Scattering of Cold Neutrons.* I. Petan,t C. M. E1sen- 
HAUER, D. J. HuGHEs, AND H. PaLevsky, Brookhaven Na- 
tional Laboratory.—Lattice vibrations ir solids can be studied 
by measuring the momentum distribution of scattered cold 
neutrons that have exchanged energy with the lattice. In 
experiments now under way at the Brookhaven reactor, an 
incident cold neutron beam is produced by filtering the 
neutron flux with Be, and the velocity of the scattered neutrons 
in a given direction is measured by the slow chopper, time-of- 
flight method. In germanium, as in most elements, the 
nuclear scattering amplitude is mainly coherent, and the 
spectrum of neutrons inelastically scattered from a single 
crystal consists of discrete peaks. Among the peaks observed 
for germanium is one associated with a transverse optical 
mode of vibration in the crystal. As the momentum of this 
mode tends to zero, a limiting frequency corresponding to an 
energy of 0.037 ev is observed. In vanadium and hydrogenous 
materials the nuclear scattering amplitude is mainly inco- 
herent, and the spectrum of neutrons scattered by acoustical 
modes has a continuous distribution. Only an optical mode 
can produce a sharp peak. Such a peak is observed for ZrH, 
indicating an optical mode of vibration with an energy of 
0.130 ev. 


a Work performed under contract with U. S. Atomic Energy Commission. 
t ae ore from Weizmann Institute, and the Atomic Energy Commission 


VS. Dispersion of Elastic Waves in Cubic Lattices with 
Central Forces. A. B. Buatia, University of Alberta.—Assum- 
ing the interaction potential energy between two atoms 
distant r apart to be W(r*), general expressions for the 
dispersion (frequency-wave number) relations are derived 
for elastic waves propagating along the (100), (110), and 
(111) directions in body-centered and face-centered-cubic 
lattices. If W(r*) is assumed to be appreciable for the first and 
second neighbors only, it is found that, while the two indepen- 
dent elastic constants c:; and ¢:2=Cq involve only the two 
force constants occurring in the customary quasi-elastic 
central force model, the dispersion relations contain an 
additional constant. A numerical example shows that the 
additional term may contribute several percent to the fre- 
quencies at small wave numbers. 


V6. Anelasticity of Synthetic Quartz at Low Temperatures. * 
J. C. Kine, Bell Telephone Laboratories.—The anelasticity of 
quartz grown by hydrothermal synthesis from various seed 
plate orientations has been measured at low temperatures. 
The technique employed involves the measurement of the Q 
of precision A T-cut quartz resonators fabricated from synthe- 
tic quartz. The amplitude of a stress induced relaxation ab- 
sorption occurring at 50°K for a frequency of vibration of 5 
megacycles is found to be several orders of magnitude larger 
in synthetic quartz than in natural quartz.’ In general the 
height of the absorption peak at 50°K in synthetic quartz is 


dependent upon the direction in which the quartz was grown. 
This suggests that the crystal imperfection underlying the 
absorption is selectively incorporated in the crystal. X-ray 
irradiation of synthetic quartz reduces the 50°K absorption 
by at least two decades but induces another relaxation 
absorption at 100°K. The similarities between these mechani- 
cal loss measurements and dielectric loss measurements* on 
synthetic quartz will be discussed. Possible defect structures, 
common to the quartz, will be examined in the light of these 
investigations. 

* This work was partially supported by the U. S. Army Signal Corps 

1 B6mmel, Mason, and Warner, Phys. Rev. 102, 64 (1956). 


fn Volger, Fifth International Conference on Low Temperature Physics 
(1957). 


V7. New One-Dimensional Crystal Model. F. L. Scarr, 
University of Washington.—The Schrédinger equation for 
V(x) = — Vocsc?(xx/a) is solved with periodic boundary con- 
ditions. Although V(x) is singular, even and odd elementary 
cell solutions are chosen to make the potential equivalent to 
one which has repulsive core cutoffs at the lattice points. 
The problem is then completely soluble, and the effective mass, 
allowed energies, band edge wave functions, and many other 
quantities can be expressed in closed form as simple functions 
of Vo, a and the crystal momentum, #k. When V,a*—0, 
m*—>m, (all k within the bands) and, as V,e* tends to a 
(finite) critical value, m*—>= (all k). This suggests that the 
weak and tight binding approximations, respectively, should 
be valid in these regions, but it is actually found that they 
are inappropriate. The result illustrates Slater's conjecture 
that the wave functions may be quite complicated even 
when m* and B(k) have forms which indicate that the particle 
is almost free or that it is tightly bound. 


V8. Infrared Absorption by Sodium Chloride-Type Lattices. 
HERBERT B. Rosenstock, U.S. Naval Research Laboratory. 
In an attempt to explain the discrepancy between the 
experimentally observed far infrared lattice absorption by 
ionic crystals! with the prediction of the classical theory,? it 
has been shown’ that, if the lattice-dynamical problem is 
solved without neglect of the correct boundary condition, 
several subsidiary peaks are found in addition to the principal 
absorption line. A computation has been made of the fre- 
quencies at which the vibrational motion of the atoms in a 
crystal of the NaCl structure should produce absorption. 
The results are evaluated for those alkali halides for which 
both compressibility and lattice distance are known; it is 
found that experimental absorption measurements made on 
thin evaporated films! are fitted more closely by some of the 
four subsidiary frequencies than by the classical limiting 
frequency. 

R. B. Barnes and M. 


1M. R. B. Barnes, Z. Physik 75, 723 (1932); 


Czerny, Z. Physik 72, 477 (1931). 

2M. Boron and M. G. ove, Handbuch der Physik (Springer-Verlag. 
Bertin, 1933), 24/2, p. 632, 

7H. B. Rosenstock, J. Chem. Te. 23, 2415 (1955). 

4H. B. Rosenstock, J. Chem. Phys. 27, 1194 (1957). 


V9. Light Scattering by Nearly Perfect Ionic Crystals. I.* 
O. THEmeER, University of Oklahoma.—The theory of light 
scattering by crystals is developed in a-form adapted to 
modern theories of lattice imperfections. In addition to 
thermal scattering, configurational scattering of two different 
types is considered: (1) scattering by macroscopically homo- 
geneous distributions of point imperfections (vacancies, 
impurities) characterized by their concentration, polarizabil- 
ity, and radial distribution function; (2) scattering by bad 
regions in the neighborhood of dislocation lines characterized 
by their size, shape, and index of refraction. Interpreting 
recent scattering experiments in terms of this theory, one 
estimates that single crystals of Harshaw sodium chloride 
have a dislocation density between 10’ and 10° cm™, an 
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average vacancy concentration between 10° and 10"? cm™* 
and bad regions with an average diameter of about 1000 A 
and an excess vacancy concentration of about 10'* cm~*. 


* Sponsored by the Office of Ordnance Research, U. S. Army. 


V10. Light Scattering by Nearly Perfect Ionic Crystals. I1.* 
C. A. Pint, University of Oklahoma.—The wavelength and 
angular dependence and polarization of Rayleigh. scattering 
in NaCl and KCI crystals have been investigated. The results 
show significant deviations from the behavior predicted by 
the theory of thermal scattering. In particular the wavelength 
dependence of the scattering power does not follow the 
Rayleigh \~* law, and the intensity of the scattering is an 
order of magnitude greater than the thermal value. The 
results will be discussed in terms of imperfections in a nearly 
perfect crystal. 


* Sponsored by the Office of Ordnance Research, U. S. Army. 


V1l. New Method for the Ground-State Energy and Effec- 
tive Mass of the Polaron. E. Lies, University of Illinois, AnD 
K. Yamazaki, Max Planck Institut, Géttingen.—The polaron 
Hamiltonian would be easily soluble were it not for the 
quartic term appearing therein. It is proposed to substitute 
for the quartic term a quadratic term having roughly the 
same properties, and in such a way that the ground-state 
energy of the new Hamiltonian is rigorously a lower bound for 
the true energy. With a very small amount of work one can 
obtain a lower bound as a continuous function of a for all 
values of a. The result agrees fairly well with the results 


obtained by other methods. Using the equivalent Hamiltonian, 
one also can obtain an analytic expression for the effective 
mass, but one cannot say it is a bound for the true effective 
mass. Moreover, once one has obtained a lower bound as a 
continuous function of the parameters of the Hamiltonian, 
one can rigorously derive upper and lower bounds jor the 
expectation values of various operations. For example, it can 
be shown that for large a and large k, (a,*a,)~K~* and not 
exp(— K®*) as in Pekar’s solution. Because of its simplicity, it 
is possible that this method may have application to other 
ground-state problems. 


V2. Structure of the H Center. W. KAnzic anv T. O. 
Wooprvurr, General Electric Research Laboratory.—H centers 
were created in KCI crystals by x-irradiation at 20°K, as 
well as by irradiating 3650 A light at 20°K on crystals x-rayed 
previously at 78°K. The hyperfine spectrum of the H center 
studied by means of electron spin resonance reveals that the 
H center involves a hole that interacts mainly with four 
chlorine nuclei lying in a straight row along a [110] axis of 
the crystal. The two inside nuclei in the row are equivalent 
to each other, and so are the two outside nuclei. The hyper- 
fine splitting due to the two inside nuclei is much larger than 
the hyperfine splitting due to the two outside nuclei. The 
hyperfine interaction with all four nuclei is roughly axially 
symmetric, with the axis along the row. In contrast to the 
Cl.~ center the H center cannot be created in large concentra- 
tion by a short x-irradiation of KCI:T1 at 20°K, indicating 
that the H center involves vacancies or interstitials. The 
corresponding defect in LiF was also studied. 





SATURDAY MorNING AT 9:45 


Panel Room 


(N. H. Lazar presiding) 


Beta and Gamma Emitters I 


VAI. Internal Conversion in Li’.* Ricuarp D. LEAMER, 
Carnegie Institute of Technology (introduced by George W. 
Hinman).—Upper and lower limits have been placed on the 
internal conversion coefficient of the 479-kev excited state of 
Li?. The measurement was made in a large double-focusing 
beta spectrometer by comparing the conversion coefficient 
with that of the 662-kev gamma ray from Ba’. The total 
conversion coefficient was found to be between 16.610™? 
and 5.8X10~". The multipole mixture of the gamma ray is 
(100%-55%) Mi and (0%-45%) E2. The major experimental 
difficulties were chemical impurities in the source material 
and finding the background counting rate. 


* Supported by the U. S. Atomic Energy Commission. 


VA2. Negative Electron Distribution Accompanying the 
Na*? Positron Decay.* J. H. Hamitton, L. M. LANGER, AND 
W. G. Situ, Indiana University.—A negative electron distri- 
bution from Na®™ was studied in a magnetic spectrometer. 
Two vacuum-evaporated, carrier-free sources were used, 
each of less than 10 ywg/cm?. One source was on a backing of 
180 wg/cm? Al and the other on an aluminized zapon and LC 
600 laminated on 20 yg/cm*. Each source was covered with a 
10 wg/cm* zapon film. An electron distribution was observed 
which decreased rapidly with energy, approaching the back- 
ground in the region between 4€ and 150 kev. For the 
source with thinner backing, the measured ratio Ng-/Ng* was 
2.2(+0.9,—1.6)% for energies >2 kev. If one includes a smooth 


extrapolation of the experimental curve to zero energy, 
Ng-/ Ng+ becomes 4.9(+1.2, —3.4)%. The source on aluminum 
backing yielded a slightly higher ratio, not significantly 
outside the large limits of error arising from the low counting 
rates. An additional cover film of 10 wg/cm* made no change 
in the measured distribution or the total intensity at energies 
above 11 kev. Within the limits of error, the observed effect 
can be interpreted as “shake off” electrons in agreement with 
the calculations of Migdal and Levinger.' 
o ee by the joint program of the Office of Naval Research and the 
S. Atomic Energy Commission and by a grant from the Research 


ee Soe 
1J. S. Levinger, Phys. Rev. 90, 11 (1953). 


VA3. Reactions for the Production of P*.* James E. 
Russe.i, Yale University—P*™ was produced along with P** 
by neutron bombardment of natural sulfur in a section of the 
Brookhaven pile which contained no fuel elements and had 
an enhanced slow to fast neutron ratio. The half-life of P®™ 
was determined from analysis of the decay curve of the 
P®.P® mixture taken with a Lauritsen electroscope and 
followed for 340 days. The measured value for the half-life 
of P® was 25+1 days, in agreement with previous measure- 
ments.’ The end point energy of the single beta released i in 
the decay P™(8-)S*® was measured with a lens 
spectrometer as 0.2382-0.005 Mev. The reaction Si®(a,p)P® 
as a means of production of P® was also studied and compared 
with the reaction Si®(a,p)P®. At bombarding energies of 8 
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Mev the yield of the P®* reaction is much lower than that of 
the comparable P® reaction. Explanation for this will be 
considered. 

* Work supported by Se pone. A. TT any oe Fou: 


ensen, Nichols, Clem Phys. Rev. ay 112 (1952). 
estermark, Phys. Rev. as 573 8 C1082). 


VA4. Radiations of Co**.* Ampuy MuKERj1,t V. S. Dusey,{ 
AND S. S. MALtIK,§ Bartol Research Foundation.—The radia- 
tions of Co have been studied in a thin lens magnetic 
beta-ray spectrometer and in coincident scintillation spec- 
trometers. By observation of the internal conversion lines 
and the uncoverted gamma spectrum, gamma rays of energies 
1410, 937, 476, and 247 kev have been resolved. No other 
gamma ray of higher energy decaying with an 18h half-life 
could be observed after careful search of that region using a 
44-in. diam and 4-in. thick NaI (TI) crystal. The Fermi-Kurie 
analysis of the positron spectrum yielded three groups of 
positrons of maximum energies 1510(51%), 1040(45%), and 
790(4%) kev. These measurements revealed energy levels 
of the residual nucleus, Fe®*, at 937, 1410, and 1657 kev. A 
decay scheme will be presented. 

* Assisted by the joint program of the Office of Naval Research and the 
U. S. Atomic Energy Commission. 

t On leave of absence from the Tata Institute of Fundamental Research, 
Bombay, India. Present address: A and gy & of Texas. 

liege, Agra, India. 


t Present address: Physics Departmen a 
§ Permanent address: Muzaffar ey Ww. ), India. 


VAS. Decay of Cu®?. J. W. BuTLER AND C. R. Gossett, 
U. S. Naval Research Laboratory.—The gamma rays following 
the positron decay of Cu® have been measured in terms of 
both energy and intensity with respect to the positron annihila- 
tion radiation. The Cu® source was produced from the (f,7}. 


reaction by bombarding a thick isotopic Ni®™ target with a’ 


beam of 1.8-Mev protons from an NRL Van de Graaff 
accelerator. The gamma rays were detected with a 3-in. 
X3-in. Nal(TI) crystal and a 256-channel pulse height 
analyzer. The gamma-ray energies are 0.69, 0.88, 1.13, and 
1.17 Mev with uncertainties of +0.02 Mev or less. The in- 
tensities are less than 1% of the positron intensity. Coin- 
cidence techniques and half-life measurements were used to 
identify the gamma rays with the decay of Cu®. No gamma 
rays were observed higher than 1.17 Mev, and it is believed 
that any such gamma ray would have been observed if its 
intensity was greater than about 10% of that for the 1.17-Mev 
gamma ray. All gamma rays, except the 0.69-Mev gamma 
ray, fit very well into the Ni® level scheme found by Spencer 
et al.1 by observing the inelastically scattered protons from a 
Ni® target. 


1 Spencer, Phillips, and Young, Phys. Rev. 108, 69 (1957). 


VA6. Gamma Rays Following the Positron Decay of Ga*. 
J. F. Friuicutenicnt anp L. A. Beacu, U. S. Naval Research 
Laboratory.—Thick targets of purified natural zinc have been 
bombarded by 1.9 Mev protons for thirty-minute periods. 
The most prominent activity in the residual nuclides pro- 
duced is Ga** which decays by positron emission with a half- 
life of 15 minutes. Levels in Zn® following the positron decay 
have been studied by observing, with a 3-in. X 3-in. Nal scintil- 
lator, gamma rays that are coincident with positrons detected 
by a thin Pilot B plastic scintillator. Previous investigation! 
of levels in Zn® excited by the Cu" (p,n)Zn® reaction reported 
the following transitions: 54, 88, 119, 155, 209, and 860 kev. 
In the present experiment the following transitions have been 
observed: 114, 154, 210, 640, 745, 880, and 1060 kev with 
indications of one or more transitions below 100 kev. Results 
of coincidence measurements between gamma rays wil! also 
be reported. 

1E Bernstein and H. W. Lewis, Bull. Am. Phys. Soc. Ser. II, 2, 


eo Gis 
F. Cook and T. W. Bonner, Phys. Rev. 94, 807(A) (1954). 


VA7. Production of Ga. E. Ercuurr, N. R. JoHNSON, AND 
G. D. O’Ketiey, Oak Ridge National Laboratory.*—Irradia- 
tion of germanium metal containing 97.7% Ge™ with 14-Mev 
neutrons produced a radionuclide whose integral gamma-ray 
activity, as observed with a Nal scintillation detector, 
decayed with a 7.5+0.4 min half-life. The gamma-ray 
spectrum showed an intense 0.60-Mev line as well as transi- 
tions with energies of 0.86, 1.9, 2.3, and possibly 1.1 and 1.5 
Mev. The 0.60-Mev transition corresponds to the decay of 
the first excited state of Ge” as seen in Coulomb excitation.! 
This fact coupled with the high degree of enrichment of the 
target material indicates strongly that this nuclide is Ga™ 
produced by the m,p reaction of Ge™ and is in general agree- 
ment with Morinaga’s results on the irradiation of natural 
germanium with fast neutrons.” 


* Operated by Union Carbide Nuclear Company for the U. S. Atomik 
Energy Commission. 

1G. M. Temmer and N. P. Heydenberg, Phys. Rev. 104, 967 (1956 

2H. Morinaga, Phys. Rev. 103, 504 (1956 

VA8. Nuclear Spectra of Tc’. G. D. O'’Ketzey, E. 


EICHLER, AND N. R. JoHNsON, Oak Ridge National Laboratory.* 

—The gamma-ray spectrum of 16-second Tc™ exhibits an 
intense doublet of 0.542+0.006 and 0.600+0.009 Mev 
energy. Weaker gamma rays of 0.71, 0.81, 0.89, 1.01, 1.14, 
1.31, 1.49, and 1.8 Mev, as well as unresolved low energy 
components, are also present. The 0.542-Mev gamma ray, 
which represents the decay from the first excited level of 
Ru™, is coincident with the 0.600-Mev gamma ray and thus 
establishes an excited state at 1.14 Mev. Scintillation beta-ray 
spectra were resolved into components of 3.38+0.06 and 
2.88+0.07 Mev, which decay to the ground and first excited 
states of Ru™, respectively. A beta-ray group of about 2.2 
Mev is in coincidence with the gamma-ray doublet of 0.542 
0.600 Mev, as expected for the beta rays feeding the 1.14-Mev 
level of Ru™®™ 


* Operated by Union Carbide Nuclear Company for the U. S. Atomic 
Energy Commission 
VA9. Beta Decay of Ag". R. L. Ropinson anp L. M 


LANGER, Indiana University.*—The relatively high compara- 
tive lifetime (log ft=7.8) of the low energy inner beta group 
of Ag™ suggests that interference might result in a spectrum 
with a nonstatistical, nonunique shape. The beta spectrum 
was investigated with a 4x beta-ray scintillation spectrometer. 
This group was separately observed by counting only the 
beta rays in coincidence with the 340-kev gamma rays. The 
Fermi plot is not linear. The shape correction factor decreases 
by ~17% in the energy range 80 to 600 kev. A satisfactory 
once forbidden theoretical shape correction factor can be 
obtained by using only S and T interactions. Beta rays were 
also recorded in coincidence with the 247-kev gamma rays. 
Because of distortion arising mainly from beta rays coin- 
cident with Compton electrons produced by scattered 340- 
kev gamma rays, no definite conclusion can be made about 
the shape of this spectrum. The end-point energies of the 
groups in coincidence with the 340- and 247-kev gamma rays 
are, respectively, 690+13 kev and 793-15 kev. The end-point 
energy of the ground state transition was measured as 1044 
+20 kev. By comparison of total decay energies, it is deduced 
that both gamma rays terminate at the ground state of Cd™, 


. in agreement with the decay scheme proposed by Johansson.' 


* This work was supported by the joint program of the Office of Naval 
Research and U. S. Atomic Energy Commission and by a grant from the 
Research Corporation. 

1S. Johansson, Phys. Rev. 79, 896 (1950). 


VA10. The Radioactivity of Sb'™**. C. L. McGrxnis anp D. 
N. Kunpu, National Research Council.—The radiations of the 
5 hour Sb"* have been investigated using a magnetic lens 
spectrometer and scintillation counters. Two gamma rays 
were found with the lens spectrometer with energies 0.040 
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Mev (cetm only observed) and 0.256 Mev, (K/LM=5S.4, 
ax =0.039). The ratio (ce, 40.0407) /(cex0.2567) was measured 
to be 0.5. With a scintillation counter 1.03- and 1.22-Mev 
gamma rays were observed and found to be equally intense. 
Possible 1.29- and 2.25-Mev crossover gamma rays were not 
observed. With a well-type crystal the following sum peaks 
were found: 0.28, 0.31, 1.31, 1.47, 2.23, and 2.52 Mev. From 
single crystal and gamma-gamma angular correlation counting 
an upper limit of 0.4% is placed on the occurrence of positrons. 
In the decay of the 3.5 min Sb""* the 1.22-Mev gamma was 
observed but the 1.03-Mev gamma was not. In the 3.5 min 
activity the ratio of the 1.22 gamma to the annihilation 
radiation was observed to be 0.027. 


VAI11. Charge Spectrometry for Xe'**. ArtHuR H. SNELL 
AND FRANCES PLEASONTON, Oak Ridge National Laboratory.— 
The distribution in charge of the Cs ions formed by radio- 
active decay of the 5.3-day activity in Xe™ consists of a 
decrease from charge 1 to a minimum at charge 4, followed by 
a rise to a peak at charge 9, and a drop-off to charge 20. The 
activity is known to consist mainly of 8 emission followed by 
an 80 kev gamma ray, which is internally converted in about 
60% of the decays. In the charge spectrum, we ascribe the 


initial, decreasing part to atoms which escape internal con- 
version, and the main part of the distribution with the peak 
at charge 9 to atoms which undergo internal conversion. A 
comparison of the intensities in the two parts of the spectrum 
gives a value for the summed K+L+M conversion coeffi- 
cients, and this is in rough agreement with values obtained by 
others using different methods. 


VA12. Disintegration of La'*. A. C. G. Mitcuett, C. B. 
Creacer, C. W. Kocuer, anp H. H. Hevmick,* Indiana 
University.t—The disintegration of La'** (19.5 hours) has 
been investigated with the help of a magnetic lens spectrometer 
and a scintillation spectrometer. The sources were 
by bombarding barium enriched in Ba™ with deuterons in 
the cyclotron. Suitable chemical tions were made. 
Gamma rays occur at 862, 558, 481, 367, 300, 219, and 95 kev. 
There is also possible a weak line near 1.5 Mev. The gamma 
rays at 219, 300, and 367 kev are in coincidence. Many of the 
gamma rays internally converted, the strongest being that 
at 481 kev which has a K/L ratio ~6. There appear to be no 
positrons. A level scheme is proposed. 

* Now at the Los Alamos Scientific Laboratory. 

+ Supported by the joint program of the Office of Naval Research and 
U. S. Atomic Energy Commission. 
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Beta and Gamma Emitters II 


WI1. Radiations from I'*. N. R. Jonnson anp G. D. 
O’KELLey, Oak Ridge National Laboratory.*—The radiations 
emitted by 86-sec I%* have been studied with single-crystal 
and coincidence scintillation spectrometers. The spectrum 
obtained with a 3-in. x 3-in. Nal crystal spectrometer showed 
gamma rays with energies of 3.18, 2.84, 2.61, 2.32, 1.89, 1.55, 
1.32, 0.870, 0.493, 0.388, 6.270, and 0.210 Mev. Of these, the 
1.32-Mev gamma ray was most intense. Using an anthracene 
crystal spectrometer two high-energy beta rays were found 
with energies of 5.6+0.1 and 7.04+0.1 Mev. In coincidence 
with the 1.32-Mev gamma-ray peak were beta rays of 5.60 
+0.15 and 4.23+0.20 Mev and possibly a third component 
at about 2.7 Mev. Also coincident with this prominent peak 
at 1.32 Mev were gamma rays of 0.19, 0.28, 0.39, 0.56, 9.87, 
and 1.32 Mev, the last of which is the most intense. Disagree- 
ing somewhat with earlier experiments,! the above data 
indicate that the first two excited states in Xe™* are at 1.32 
and 2.64 Mev with a pair of 1.32-Mev gamma rays involved 
in the cascade process. Implications of these measurements 
will be discussed. 

* Operated by Union Carbide Nuclear Company for the U. S. Atomic 


ars of Commission. 
1M. McKeown and S. Katcoff, Phys. Rev. 94, 965 (1954). 


W2. Radicactive Sm and Pm'*.* W. E. Carey, R. P. 
SuLittvan, M. R. Brat, anp M. L. Poot, The Ohio State 
University Samarium oxide enriched to 85.7% in isotope of 
mass number 144 was irradiated in the MTR reactor for two 
months. Scintillation spectrometer analysis of the resulting 
Sm™* radiations indicate the following: The pile absorption 
cross section of Sm™ is in the neighborhood of 0.03 barn; 
the ratio of the probability of L- to K-capture for Sm™ is 
2.0; and ax for the 61.3-kev y ray associated with the decay 
of Sm is 5.7. Cauchois spectrographs revealed the presence 
of Nd x-rays, thus indicating that the Pm“* daughter for 


Sm! also decays by electron capture. Ion-exchange column 
separations of the irradiated Sm™ yielded samples of Pm"™, 
the half-life of which appears to be several years. The 
only radiations associated with the decay of Pm“ are the 
Nd x-rays and a 73-kev y ray having an ag of 5.4. The ratio 
of L- to K-capture probability is 1.8. The decay scheme for 
Pm is similar to that previously determined for Sm™. 
No positron emission from either Sm™“* or Pm could be 
detected. 


* This work was 
the Air Force OSRD. 


ially supported by the OSU Development Fund and 


W3. Decay of Pm", Vera K. Fiscoer anp Epwarp A. 
REMLER, Columbia University and Brookhaven National 
Laboratory.*—The total decay energy of Pm'* previously de- 
termined to be 5.3+0.1 Mev' has been found to disagree 
badly with predictions based on empirical relations between 
decay energy and nucleon number.? Therefore, the gamma 
rays emitted in the uiecay of Pm'®™ have been studied with a 
100-channel pulse-height analyzer-scintillation spectrometer 
at Brookhaven National Laboratory. The following gamma 
rays were observed: 2.75+0.05, 1.95+0.05, 1.68+0.03, 
1.3340.02, 1.17+0.01, 0.82+0.01, and 0.34+0.01 Mev. 
Gamma rays may also be present in low abundance at 0.70 
+0.05, 0.57+0.04, and 0.40+0.04 Mev. The 3.0+0.1 Mev 
gamma ray previously observed was not seen. On the basis of 
coincidence studies and relative abundances, a new decay 
scheme is proposed involving levels in Sm’ at 0.337, 1.17, 
1.74, 2.00, and 3.08 Mev. The total decay energy of Pm'™ on 
the basis of this decay scheme and the previously determined 
values of the maximum beta-ray energies! is 5.04+0.05 Mev. 


* This work was partially supported by the U. S. Atomic Energy Com- 


1 Vera Kistiakowsky Fischer, Phys. Rev. 96, 1549 (1954), 
2 Kay Way (private communication). 
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W4. A Re-Evaluation of the Beta and Gamma Energies 
from Ho™, Nd’, and Sm"**, J. M. Cork, M. K. Brice, R. G. 
HELMER, AND R. M. Woops, JR., University of Michigan.*— 
Using enriched sources of Ho!®, Nd'*, and Sm'® strong 
specimens of Ho!**, Nd'47, and Sm" were made by neutron 
capture. Studies of the strong sources by both magnetic and 
scintillation spectrometers showed the existence of some 
gamma rays not previously reported, more exact values for 
the low-energy gamma rays, and better resolution of the 
components of the beta spectra. In Ho!®* gamma rays occur 
at 80.25, 970, 1377, 1540, and 1620 kev, and the maximum 
beta energies are 1839, 1758, 869, 380, and 220 kev. Nd!” 
yields gamma rays at 91.3, 120.6, 198.2, 277.0, 321, 400, 441, 
533, 597, and 688 kev, with beta: components at 812, 380, 
and 230 kev. In Sm" gamma rays are found at 69.8, 103.5, 
and 173.6 kev and beta components at 813, 710, and 640 kev. 
A level scheme is presented for each nucleus that is in complete 
agreement with observed data. 


* Work supported jointly by the Office of Naval Research and the U. S. 
Atomic Energy Commission. 


WS. The Radiations of Os'**.t S. S. Matik* anpD AmsBvy 
MUKERJI,{ Bartol Research Foundation.—The radiations of 
Os'*5 have been examined in a thin magnetic lens beta-ray 
spectrometer and in coincident scintillation spectrometers. 
By these means, gamma rays of energies 75, 120, 158, 233, 
593, 643, 870, and 878 kev have been resolved, revealing 
excited energy levels of the residual nucleus, Re'**, at 120, 
278, 643, 718, 870, and 878 kev. Internal conversion co- 
efficient measurement showed the 643-kev gamma ray to be 
predominantly E2 with a slight mixture of M1. Search for 
positrons was made by observing gamma-gamma coindidences 
with the counters placed at 180° and 90°. An upper limit of 
10~ positron per disintegration could be set. 

t Assisted by the joint program of the Office of Naval Research and the 
U. S. Atomic Ener Commission. 

J memay map Nagar (U.P.) India. 


t ad 
t On leave of absence from the Tata a of on a Research, 
Bombay, India. Present address: A and M College of 


Wo6. Gamma Rays of Au™*®. WALTER R. KANE AnpD Guy T. 
Emery, Harvard University.*—The y-ray spectrum of Au 
has been reinvestigated in a high-resolution 8-ray spectrometer 
with thin photoelectric converters. Hamermesh and Smither' 
have examined this spectrum with a bent-crystal spectrometer ; 
they report a doublet with energies 671.1 and 678.9 kev and 
intensity ratio ~3:1, and evidence for a similar doublet near 
1088 kev. We find no evidence for doublet structure. We see 
one line at 675.4+0.4 kev and one line 1086.6+0.6 kev. 
The full momentum widths of our lines at half-height for our 
thinnest converter are 0.48% (4.1 kev) for the lower line 
and 0.28% (3.7 kev) for the higher. According to our data, if 
the line at 675 kev had a satellite with 7.8 kev more energy 
the satellite intensity would be less than 1/70 that of the 
principal line; if the satellite had 7.8 kev less energy its 
relative intensity would be less than 1/30. For a satellite with 
the same energy difference from the 1087 kev line the cor- 
responding upper limits are 1/12 and 1/10 

* Supported by the joint program of the Office of Naval Research and the 
U. S. Atomic Energy Commission 


— R. K. ‘Smither, Bull. Am. Phys. Soc. Ser. II, 2, 232 


W7. Capture Gamma Rays in Hg?’.t RaLpu E. SEGEL,* 
Aeronautical Research Laboratory——The gamma-ray cascades 
following thermal neutron capture in mercury were observed 
using a three-crystal pair spectrometer in coincidence with a 
3 in.X3 in. Nal(TI) crystal. The predominant capture in 
natural mercury is in Hg™ leading to a state at about 8.05 
Mev in Hg™. The following cascades were found (energy in 
Mev): 6.44—1.59, 6.44—1.22—0.37, 6.31—1.73, 6.31—1.36 
—0.37, 5.96—1.73—0.37, and 5.67 —2.02 —0.37. These experi- 


mental results show some discrepancies with the high resolution 
singles spectrum,! and also with the decay of Tl.* The decay 
scheme is significantly different from that inferred from the 
singles spectrum. 


+ Work performed under the auspices of the U. S. Atomic Energy 
Commi . 
* Guest scientist at Brookhaven National Laboratory. 
1 Ayasevich, Groshev, and Demidov, Conference of the Academy of 
Sciences of the USSR on the Peaceful Uses of Atomic Energy, July, 1955 
2C. J. Herrlander and T. R. Gerholm, Nuclear Phys. 3, 161 (1957). 


W8. Half-Lives of Lead 203 and Lead 204. A. A. BARTLETT* 
AND GLEN REBKA, Harvard University —Two foils of radio- 
lead were bombarded with an internal beam of approximately 
0.2 microampere-hours of protons at approximately 35 and 
30 Mev respectively in the Harvard cyclotron. The lead 
activity was separated from the bismuth in an ion-exchange 
column and the activity of the lead fractions was measured 
with a double ionization chamber. Two sources from the 
first bombardment showed a 67-min activity (Pb™) that 
quickly became less than a 52-hr activity (Pb™) which was 
then measured over an intensity factor of 4 for one sample 
and 20 for the other. A weighted least-squares analysis gave 
the half-life (Pb) to be 52.1+0.2 hr. In the source from the 
second bombardment it was possible to follow the 67-min 
decay over an intensity factor of 500 before its activity be- 
came equal to that of the Pb™. A weighted least-squares 
analysis of the separated Pb™ activity yielded a half-life of 
66.9+0.1 min. 


* On leave from the University of Colo 


1 Bainbridge, Goldhaber, and Wilson ion Rev. 90, 430 (1953 


W9. Energy Release from the Decay of Fission Products 
and the Antineutrino Spectrum. J. F. Perxins, Lockheed 
Aircraft Corporation, AND R. W. KinG, Purdue University.* 
A calculation of energy release from the decay of U™® fission 
products has been made by examining in detail the individual! 
decay schemes of the many nuclei involved. The very good 
agreement with experiment that has been obtained for times 
after shutdown >10* sec speaks strongly for the validity and 
completeness of the input data for nuclei with half-lives 
>10? sec. We are hence in a position to plot the distribution 
of beta-decay end points with considerable accuracy for 
Egmax S4 Mev. Comparisons are made with the assumed distri- 
bution of Muehlhause and Oleksa' used in the calculation of 
the antineutrino flux from a reactor. Antineutrino energy 
spectra are also investigated as a function of operating time 
and time after shutdown. 


* Assisted in part by contract with the U. S. Air Force Office of Scientific 


Resear 
'C. O. Muehlhause and S. Oleksa, Phys. Rev 


10S, 1332 (1957 

W10. Electric-Monopole Directional-Correlation Experi- 
ments.* E. L. Cuurcu, Frankford Arsenal,t M. E. Rose, 
Oak Ridge National Laboratory, anD J. WENESER, Brookhaven 
National Laboratory.—Angular-correlation experiments involv- 
ing conversion electrons are sensitive to small admixtures of 
electric-monopole (ZO) transitions. The coefficient of P:(cos@) 
in the directional-correlation function mixed 
E£0+M1+£2 transition contains an interference term be- 
tween the E0 and £2 conversion electrons, which is propor- 
tional to the ratio of the E0 and E2 nuclear matrix elements 
Measurement of this coefficient provides a sensitive means for 
determining both the magnitude and phase of the monopole 
matrix element relative to the E2 gamma-ray matrix element 
The effect on the directional-correlation function between such 
K-conversion electrons and a coincident gamma ray is calcur 
lated explicitly. Specific numerical results are given fo- 
Pt(Z=78) over a range of energies. The sensitivity of the 
proposed directional-correlation experiment is illustrated with 
reference to the particular case of the 2+—-2+—-0+ cascade 


involving a 
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in Pt***, It is found that the correlation function is insensitive 
to the effect of the new nuclear matrix elements for M1 and 
E2 internal conversion introduced by the finite nuclear size, 
but very sensitive to small monopole admixtures. 

. Atomic Energy Commission and 


the Office of Naval Resea 
+t Guest Scientist at Brookhaven National Laboratory. 


* Work supported in part, by the U.S 


W11. Interpretation of Angular Correlation Experiments. 
P. S. JastrRaM, Ohio State University, anp G. T. Woop* AND 
J. P. HurLey, Washington University.—A consequence of the 
occurrence of multipole mixtures in electromagnetic transi- 
tions between nuclear states is that an experimental deter- 
mination of the angular correlation between sequential gamma 
rays may fail to yield a unique assignment of spins and 
multipole orders. In each case it has been necessary to investi- 
gate all the likely combinations of spin assignments and 
multipole mixtures in order to ascertain which were consistent 
with a particular experimental result. Displaying the results 
of angular-correlation theory in the form of a family of 
parametric graphs of the dependence of the correlation 
expansion coefficients on spin and multipole mixture values 
reduces the analysis to reading off the assignments which are 
consistent with a single experimentally determined point. An 
advantage of the method is that by inspection conclusions 
may be drawn as to whether and to what degree a measured 
correlation is ambiguous in determining the spins, multipoles, 
and mixing ratios; the various possible choices are immedi- 
ately evident. It appears that the graphical representation 
will be simple enough to be useful only if at least one of the 
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radiations can be assumed to be a pure multipole; only such 
cases are considered. 


* Now at the Argonne Cancer Research Hospital, Chicago, Illinois. 


Wi2. The Use of Polarization-Direction Correlation to 
Determine Spins and Multipole Mixtures.* G. T. Woon,t 
Washington University, AND P. S. JastRaM, Ohic State Uni- 
versity.—If in a polarization-direction correlation measurement 
involving cascaded gamma rays, one of which is a mixed- 
multipole transition, the mixed radiation is detected in the 
polarization-sensitive counter, the dependence of the degree 
of polarization on the mixing ratio is in general different from 
that of the direction angular correlation. Consequently, in 
cases in which the direction correlation corresponds to more 
than one possible choice of spin and multipole mixture assign- 
ments, a polarization-direction correlation measurement will 
distinguish between the possible assignments and establish 
the correct one. The results of the polarization-direction cor- 
relation theory may be expressed in the form of a set of 
parantetric plots similar to those for direction angular cor- 
relation. Of those worked out so far, there appears to be no 
case in which the combined direction- and polarization- 
direction correlations fail to yield a unique assignment for 
spins and multipole mixtures; in particular, the polarization 
measurement is decisive for establishing (or refuting) the 
frequently encountered 0-2-4 spin assignment, which cannot 
be established by direction correlation measurements alone. 


*Su by the joint of the U. S. Atomic Energy Commis- 
sion the Office of Na’ 
+ Now at the Argonne Cancer Research Hospital, Chicago, Illinois. 
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Governor Clinton 


(S. A. SCHAAF presiding) 


Fluid Dynamics 


X1. Rayleigh’s Problem and Kinetic Theory of Gases.* E. 
A. Jackson anp E. P. Gross, Brandeis University.—The 
problem of an infinite plate in a gas set impulsively into 
uniform motion along its plane is studied. We seek solutions 
of the linearized Boltzmann equation appropriate to the case 
when the speed of the plate is less then the sound speed. The 
accurate description of the gas depends on distinguishing 
between the mclecules which are impinging on, or leaving, the 
plate. In order to do this we use Yoon’s method of half-range 
distribution functions previously used to study the Couette 
flow problem for all values of density. This method enables 
us to satisfy the boundary conditions and thereby obtain 
exact results for both long and short times. With the problem 
formulated in terms of half-range distribution functions, it is 
necessary to use only a few velocity polynomials to obtain 
excellent results. Comparing the results with those based on 
the Navier-Stokes theory and by Grad’s thirteen moment 
method,? it is found that they become inaccurate for times 
less then the collision period. 

* Work supported by Office of 


1 Gross, Jackson, and Zieri: 
*H. Yang, and L. Lees, J. 


X2. Spectrum of Turbulence in the Universal Range at 
Huge Reynolds Numbers.* Rosert H. KRAICHNAN, New 
York University —Previous work on high Reynolds number 
isotropic turbulence is extended to include the dissipation 
sub-range. It is found that for knx<k<Rky the time-auto- 


Scientific Research, U. S. Air Force. 
Ann. Phys. 1, 141 (1957). 
ath. Phys. 35, 195 (1956). 


correlation function of a velocity-field Fourier mode is 
r(k,r) ~J(2vekr)/(vokr), where ko =€/no', «=dissipation-rate/ 
unit mass, ?9=rms velocity in any direction, R=1/k, and 
vy=kinematic viscosity. For R>1, it is found that this k 
range includes both inertial and dissipation sub-ranges and 
that in it the one-dimensional energy m/unit mass 
E(k) is fixed by 2vk*E(t)~kS S[ka(A)E(p) —p%(A)E(k)] 
x E(q)@(A) pg “dpdg, where integration is over all points 
such that p, g, and & can form legs of a triangle A, a and 6 are 
complicated, essentially positive, tri ic functions of 
the angles of A, and 6(4)=f0°r(k,r)r(p,7)r(g,r)dr>0. The 
solution is of the form E(k) ~ (eo)*k-f(k/kz), where ka=Riky 
and f is a dimensionless, universal function normalized oy 
So°¥'f(y)dy=4. For k&ka, f(k/ka)~const, yielding 
inertial sub-range spectrum previously described.! For one 
J(&/ka)~ (const) (k/ka)"* exp[— (const)k/ke]. The complete 
solution may be computed by an iteration . Extension 
of the theory to k>Rky gives E(k) «k* exp[—(const)k], 
indicating the existence of mean-square velocity derivatives 
of all orders. 

* Supported by the Geophysics Research Directorate, Air Force Cam- 


Research Center. 
. H. Kraichnan, Bull. Am. Phys. Soc. Ser. II, 2, 307 (1957), 


X3. (Abstract transferred to Session SP (see abstract SP4). 
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X4. Hypersonic Shock Tunnel for Investigating Flow Over 
Bodies with Real Gas Effects. H. T. NAGAMATSU AND R. E. 
GEIGER.—For flight Mach numbers greater than 10 the air 
can no longer be considered as being a simple mixture of 
diatomic oxygen and nitrogen. The effects of dissociation, 
ionization, and chemical reaction in air become appreciable 
at the high stagnation temperatures produced by bodies 
moving at hypersonic speeds. In order to investigate the real 
gas effects upon the aerodynamic characteristics of the flow 
over bodies, a hypersonic shock tunnel was developed. It is 
a research tool for producing high Mach numbers and stagna- 
tion temperatures simultaneously, similar to those encountered 
by the ballistic missiles in atmospheric flight at high altitudes. 
The real gas effects upon the shock wave shape and the 
detachment distance for blunt bodies are presented for a 
Mach number range of approximately 10 and above, at high 
stagnation temperatures. For these bodies the photographs 
showing the luminous region of the heated air are presented. 
The preliminary results indicate that the real gas effects move 
the detached shock wave closer to the body. By means of 
piezoelectric pressure gauges, the pressure distribution over 
simple three-dimensional blunt bodies were determined for 
different stagnation temperatures and Mach numbers. The 
shock wave shape and approximate boundary layer growth 
on a flat plate are presented. 


X5. Production of High Velocity Shock Waves and their 
Interaction with Magnetic Fields. G. S. JANEs, Avco Research 
Laboratory.—Highly ionized hydrogen (or deuterium) in a 
4-in. diameter cylindrical Pyrex chamber is driven radially 
inward toward the axis by a fast rising exterior axial magnetic 
field.! The electromagnetic analog of a shock wave is set 
up in a nonlinear transmission line with inductive and resis- 
tive elements by the use of a high voltage capacitive energy 
energy storage system and a spark gap, Inth is manner a 
fieid of 12 000 gauss is produced behind the gas in less than 
0.2 usec. The experimental arrangement easily permits optical 
and magnetic observation. Shock wav: velocities between 15 
and 18 cm per ysec have been observed in H; and D, at pres- 
sures of 0.15 mm Hg and above using smear cameras and 
photomultipliers. Assuming momentum conservation and a 
small skin depth in the gas, these results are in substantial 
agreement with theoretical predictions. Velocities in excess 
of 25 cm/ysec have been observed at lower gas pressures, but 
their interpretation as shock waves is not clear. Experiments 
will be described on the interaction of these shock waves with 
enclosed magnetic fields. 


1G. S. Janes, 10th Annual Gaseous Electronics Conference, Cambridge, 
Massachusetts (1957). 








X6. Reflection of Shock Waves from an Orifice at the End 
of a Duct.t GeorGe RupINGER, Cornell Aeronautical Labora- 
tory.—The flow conditions behind the reflected wave generally 
have been computed under the assumption that the boundary 
conditions at the orifice for nonsteady flow are the same as 
those for steady flow. One obtains, then, a reflected wave 
that is either a simple expansion wave or a shock wave de- 
pending on the strength of the incident shock and on the 
orifice size. Experimental observations show that the reflected 
wave always consists of a shock front followed by an expansion 
wave. Interaction of these waves produces a pressure pulse 
which may considerably exceed the maximum pressure 
computed in the conventional manner. This “overshoot” 
may be computed on the basis of a few plausible assumptions 
about the effective reflection conditions at the orifice. It is 
particularly pronounced if the pressure change across the 
entire reflected wave is zero and may reach a maximum of 
almost 40% of the pressure ahead of the incident shock wave 
when the latter has a pressure ratio of about 2.3. Results of 
shock tube experiments in which the pressure variations 
across the incident and reflected waves are recorded at various 
distances from the orifice and for different shock strength 
and orifices agree well with the calculated overshoot pressures. 


* Work carried out under the auspices of Project SQUID, sponsored by 
the Office of Naval Research. 


X7. Mach Reflection Studies with the Hydraulic Analogy. 
E. V. Lartone, University of California, Berkeley —By means 
of the shallow water hydraulic analogy an experimental study 
was made of the Mach reflections produced by a symmetrical 
wedge moving at supersonic speeds near a plane wall. It was 
found that at certain conditions the incident wave and the 
normal wave became very straight, while the reflected wave 
completely disappeared. The same results were also obtained 
for the flow between two parallel wedges. A comparison was 
then made with the phenomenon exhibited by a solitary 
hydraulic wave moving through shallow still water. Although 
the appearance of the regular reflection and the Mach-type 
reflection seemed to provide some apparent similarities to the 
gas dynamics case or the hydraulic analogy, the actual be- 
havior was radically different because of the essentially finite 
width of the solitary wave. It is pointed out how this difference 
could explain the behavior of Mach reflection tests performed 
with certain types of finite wave generators. 


X8. Exact Solution of the Impulsive Motion of a Flat Plate 
in Magnetohydrodynamics. C. C. CHANG AND J. T. YEN, 
University of Minnesota.—The velocity and induced magnetic 
fields due to impulsive motion of an infinite flat plate in a 
viscous, incompressible and electrical conducting fluid in 
the presence of an applied magnetic field are investigated. 
The exact differential equations governing the magneto- 
hydrodynamic fields are dealt with in the investigation. 
Exact solutions for the velocity and induced magnetic fields 
are found by using Laplace transformation and employing 
appropriate boundary and initial conditions. Salient mathe- 
matical features of the problem are linearity and constancy 
in coefficients of the governing equations. The physical 
interpretations of the resulting exact solutions, however, 
reveal important coupling effects on friction and * magnetic 
induction when both electromagnetic and hydrodynamic 
fields are present. 


X9. Theoretical Investigation of the Flow-Field about 
Blunt-Nosed Bodies in Supersonic Flight.* R. VAG.io- 
LAURIN AND A. FERRI, Polytechnic Institute of Brooklyn.—A 
numerical method for obtaining the solution of the inverse 
problem of the flow behind a given detached shock to any 
desired accuracy is presented. The cases of zero and small 
incidence are considered. The combinations of sets of such 
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solutions satisfying prescribed boundary conditions (body 
shapes) is described. Particular attention is devoted to the 
analysis of the sonic and subsonic region of the flow field. 
Convergence and stability of the stepwise integration from 
the shock in the elliptic region are discussed. Numerical 
examples are also included. 


* The investigation has been carried out at the Gruen Applied Science 
Laboratories. Inc., under contract with the General Electric Company. 


X10. Two-Dimensional Stagnation Point Flow of an In- 
compressible, Viscous, Electrically Conducting Fluid in the 
Presence of a Magnetic Field. J. L. NEURINGER AND W. 
McILRoy, Republic Aviation Cor poration.—When a blunt body 
moves through the atmosphere at high hypersonic speeds, 
there exists a cap of ionized gas between the detached shock 
and the nose of the body. It was considered possible that by 
impressing a magnetic field out of the nose of the body and 
into the conducting gas some beneficial effects could be derived 
from this region. In order to demonstrate this fact theoretic- 
ally, consideration was given to the well-known problem of 
the two-dimensional stagnation point flow on an infinite flat 
plate, modified in two ways: (1) the fluid was assumed in- 
compressible but conducting, and (2) impressed on the fluid 


was an external parallel magnetic field normal to the plate. 
From the resulting analysis of the hydromagnetic interaction, 
it appears that a considerable reduction in heat transfer 
and skin friction may be possible with reasonable values of 
the applied magnetic intensity and electrical conductivity 
of the fluid. The reduction in heat transfer and shear stress 
at the wall is found to be a function of a nondimensional 
parameter h*(O)/y defined in the talk. 


X11. High-Speed Flow of Gas Around Blunt Bodies. 
Hyman Sersin, The Rand Corporation (introduced by E. H. 
Vestine).—A number of results derived by the author in 
earlier studies are here collected and presented in a unified 
rational theory. The analysis is carried out for the limiting 
case where the ratio of specific heats is near unity and the 
free-stream Mach number (steady flow) is very large. Both 
these parameters are combined into a single parameter, the 
density ratio across a normal shock. The results of the theory 
agree well with test data, both with respect to shock locition 
and shock shape for test Mach numbers of order 6 and pre- 
sumably higher. A simple extension (method of conjunction) 
extends the agreement throughout the entire range of super- 
sonic Mach numbers. 


Business Meeting of the Division of Fluid Dynamics . 


(To be held during Session X at whatever time the Chairman chooses. ) 
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Empire Suite 


(V. BARGMANN presiding) 


Theoretical Physics VI: Relativity and Collision Processes 


XAl. Conservation Laws in General Relativity. J. Govp- 
BERG, Aeronautical Research Laboratory.—It is well known 
that in general relativity one can construct a quantity with 
mixed indices who ordinary divergence vanishes.' Since the 
properties of this quantity can be derived from the covariance 
of the theory,? the vanishing divergence is called the conserva- 
tion law for energy and momentum. Indeed, because of these 
relations one can derive the equations of motion for point 
particles in a gravitational field? Recently Laudau and 
Lifschitz* have obtained a symmetric quantity which has a 
vanishing divergence. Based on their work, it is possible to 
construct an infinite number of symmetric quantities as well 
as mixed quantities. However, all of the mixed quantities 
can be related to the covariance of the theory and lead to the 
same physical results. The symmetric quantities may be 
constructed because of the symmetric nature of the metric 
tensor and do not lead to the same physical results. However, 
the content of the symmetric quantity formed by Laudau 
and Lifschitz is the same as that obtained from the mixed 
quantities. 

1 P. G. Bergmann, / troduction to the Theory of Relativity (Prentice-Hall, 
Inc., New York. 1947). 

2P. Bergmann, Phys. Rev. 75, 680 (1949). 

*L. Infeld, Revs. Modern Phys. 29, 308 (1957). 


*Laudau and Lifschitz, The Classical Theory of Fields (Addison-Wesley 
Publishing Company, Inc.. Cambridge, 1951). 


XA2. Constitutive Equations for Moving Anisotropic Media. 
L. DreseNpRUCK, University of Rhode Island.—Minkowski's 


equations relating B, E, H, and D for moving isotropic 
media are extended to give similar equations for moving 
anisotropic media. Boundary conditions are found for the 


fields. The results are applied to the determination of the 
fields of a moving charge in an anisotropic medium. 


XA3. Structure of Particles in Linearized Gravitational 
Theory.* Rarner Sacus AND Petur G. BERGMANN, Syracuse 
University —We have attempted t» examine the invariant 
character of restrictions imposed on singularities of the 
gravitational fields in the EIH theory of motion in general 
relativity. So far we have succeeded in providing a complete 
classification of singularities that can occur in the linearized 
theory only, in terms of properties that are invariant under 
Lorentz and “gauge” transformations (the latter designation 
refers to linearized curvilinear ceordinate transformations). 
Except for several explicitly known solutions, which have 
previously been considered by Havas, all solutions can be 
derived from a “super-metric’’ corresponding to the Hertz 
potential of electrodynamics. One method of classification is 
in terms of gauge invariant integrals over spatial closed 
surfaces completely surrounding the particles. 


Research supported by Mgt Science Foundation and by Aero- 
aaa Research Laboratory, WADC. 


XA4. Classification of Particles by Means of the Curvature 
Tensor.* Peter G. BERGMANN AND RAINER SACHS, Syracuse 
University.—In the course of the examination of singular 
solutions of the linearized field equations described in the 
preceding abstract we also examined the characteristics of 
the curvature tensor of the gravitational field surrounding 
each type of singularity. At any given instance in time the 
comoving frame of reference is preferred, and we have formed 
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the curvature tensor components of fields that are static 
near the particle in that preferred frame. Using the same 
approach as Petrov! and Pirani,? we found that there are two 
essentially different types of singularity, corresponding 
roughly to electric and magnetic sources, respectively, of 
static electromagnetic fields. Though this classification cuts 
across the lines established in the preceding abstract, an 
equivalence between the results of the two approaches is 
easily established. 
ported by National Science Foundation and by ARL, WADC. 


* Su 
1A. Z. Petrov, Sci. Not. Kazan State Univ. 114, 55 (1954). 
2F. A. E. Pirani, Phys. Rev. 105, 1089 (1957). 


XAS. Observation of Distant Events in General Relativity. 
E. NEwMAN, University of Pittsburgh, AND J. GOLDBERG, 
Aeronautical Research Laboratory.—Any description of astro- 
nomical events assumes implicitly the use of a coordinate 
system. In general relativity any coordinate system is ac- 
ceptable. The question arises as to how one may correlate 
observational data with predictions of the theory.' The only 
meaningful coordinate system that can be established is a 
set of events which can be given a set of numbers which are 
arbitrary except for precedence and continuity. We propose 
to use this type of description in the following way. The events 
we wish to describe will be the positions of a body moving 
through space-time. The events, in terms of which this motion 
will be described, will be the emission of two light rays, with a 
small angle between them, directed towards an observer. 
The numerical value given to this event will be the proper 
perpendicular distance between the two null rays when they 
reach the observer. This perpendicular distance, which is 
known as geodesic deviation in Riemannian geometry, 
satisfies a linear differential equation. We have applied this 
method to planetary motion without recourse to a corre- 
spondence with Newtonian mechanics. 

* This work was supported in part by the Wright Air Development 
Center through Ohio State University. 


1 For a fuller description of this problem, see E. P. Wigner, Revs. Modern 
Phys. 29, 255 (1957). 


XA6. Construction of Observables in General Relativity.* 
ARTHUR B. Komar, Syracuse University—If the field equa- 
tions of general relativity are satisfied, then one can construct 
at each world point exactly four scalars A‘ as the roots of 
eigenvalue problems involving the curvature tensor. If these 
four scalars are algebraically independent of each other, they 
can serve as a uniquely defined (local) “canonical” coordinate 
system. The components of the corresponding canonical 
metric tensor are individually invariants; if they are given 
as functions of the four A‘, the Riemannian manifold is 
thereby uniquely characterized. Hence these ten functions 
of four arguments represent a complete system of observables. 
This system is still highly redundant: In addition to the 
usual ten field equations, the components of the canonical 
metric tensor satisfy four additional differential equations, 
“coordinate conditions” that assure the canonical character 
of the coordinate system A‘. The Cauchy problem for these 
fourteen differential equations will be discussed. Its solution 
will yield a compiete set of independent observables. 


* Supported by AFOSR and by NSF. 


XA7. Quantum-Mechanical Model of Relativistic Be- 
havior. J. C. FisHer, General Electric Research Laboratory.—A 
periodic perturbing potential with amplitude 2V» and ap- 
propriate wavelength provides a gap of forbidden energies 
for fermions at the Fermi level. Near the gap, the perturbed 
energy is 

E(k) =mc?/2+hk?/2m+ (heck ?+-mec*)s, 
if one writes hky/m=c, Vo=mec*?, ki=k—ky. In the limit 


m-—><« with hk;/m remaining constant, this is just the rela- 
tivistic relationship E =mgc*(1—v*/c*)~? with the origin of E 
at the center of the gap and with v=h“'dE/dk. The natural 
appearance of the relativistic relationship for freely moving 
wave packets in this simple classical quantum-mechanical 
system suggests that the masses of the familiar particles of 
physics may be interpreted as effective masses. The universe 
then would consist of a dense sea of fermions, most of which 
are out of sight in a collective bound state similar to the super- 
conducting state. A finite density of fermions below the gap 
would provide a high-frequency cutoff for the electromagnetic 
field and a possible mechanism for gravitation. 


XA8. Time-Independent Nonrelativistic Collision Theory.* 
E. Geryuoy, University of Pittsburgh.—Arbitrarily compli- 
cated rearrangement collisions describable by the time- 
independent nonrelastivistic Schrédinger equation have been 
treated in a wholly time-independent framework, without 
explicit reference to transition probabilities. Introducing a 
generalized probability current operator for many-particle 
systems, the current flow at large distances can be computed 
in complete analogy with one-particle scattering. This pro- 
cedure leads to the same formal expressions for reaction rates 
as are obtained from more conventional formulations; it is 
an immediate consequence of the asymptotic behavior of the 
Green’s function that the matrix elements W/‘*Vw#; 
=y,*V;¥;" yield the scattering amplitude A (i—f), and that 
¥,;© is a solution with incoming scattered waves. Moreover 
the time-independent formulation avoids perplexities associ- 
ated with the necessity for computing transition probabilities 
from projections on sets of nonorthogonal states. In the reac- 
tion a+b-—>c+d+e for instance it turns out automatically, 
without projecting the solutions on plane wave states, that 
coincidences are observed in counters placed at large distances 
Te, Ta, Te Only when f,, 74, 7, are in the ratios of the classical 
velocities of c,d,¢; here c,d,e are a rearrangement of the par- 
ticles contained in a,b. Our procedures are not without their 
own difficulties however; these and other problems will be 
discussed. 


* This work was supported in part by the Office of Naval Research. 


XA9. Born Series and Dispersion Relations in Nonrela- 
tivistic Quantum Theory. A. KLeIn, University of Pennsyl- 
vania, AND C. ZEMACH, University of California.—Potential 
scattering of a nonrelativistic particle is examined with the 
aid of the Born series for the Green's function and the scatter- 
ing amplitude. For a wide ciass of potentials, such series are 
shown to converge absolutely at sufficiently high incident 
energies and their values are approximated by their leading 
terms. These and related results provide a simple mathe- 
matical basis for the derivation and extension of previously 
given nonrelativistic dispersion formulas' with less restrictive 
hypotheses. Dipersion relations for fixed momentum transfer 
and for fixed scattering angle are treated. 


1N. N. Khuri, Phys. Rev. 107, 1148 (1957); D. Y. Wong, Phys. Rev 


107, 302 (1957). 


XA10. Screened Coulomb Potential Phase Shifts: Low 
Energy Limit.* K. ToxunaGa, Western Reserve University.— 
Numerical integrations! of the radial Schroedinger equation 
with a Yukawa potential, for electron energies of the order of 
1 ev, have shown that the Born approximation does not give 
correct phase shifts at very low energies. The discrepancy 
suggested a variational approach?: determining the phase 
shifts by extremalizing the expression k cotm:. Applying the 
Born approximation at this later stage, one obtains for the 
low-energy limit, 


lim (kcotm:) = [lim (kcotn:) }®[1 + 4(21+1)q). 
ko 0 
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The superscript B refers to the first Born approximation result ; 
q is the screening constant measured in reciprocal Bohr 
radii. The + sign holds for the repulsive potential, the — 
sign for the attractive. For the s wave (j=0) the expression, 
which is then equal to the reciprocal of the “scattering length,”’ 
gives considerable improvement over the first Born approxi- 


mation, which, it should be noted, yields numerically the 
same phase shifts for attractive and repulsive potentials. 


* Assisted by the U. S. Atomic Energy Commission. 

1 Rubenstein, Huse, and Machlup, Math. Tables and other Aids to 
Computation 10, 30 (1956); S. Machlup, J. Chem. Phys. 24, 169 (1956). 

2 John M. Blatt and J. David Jackson, Phys. Rev. 76, 18 (1949). 


SATURDAY AFTERNOON AT 1:45 
Boston-Washington Room 
(A. S. Nowick presiding) 


Metals 


Yl. Peltier Effect at the Solid-Melt Interface in Some 
Metals. J. M. BARDEEN AND B. S. CHANDRASEKHAR, Westing- 
house Research Laboratories (introduced by P. A. Flinn).— 
There have recently been suggestions by loffe' and by Pfann 
and others? to use the Peltier effect at the interface between 
a conducting solid and its melt, in connection with solidifica- 
tion studies. Experiments have been done to measure directly 
the Peltier coefficient at the solid-melt interface in several 
low-melting metals. Measurable effects were observed in 
bismuth and cadmium, and to a lesser extent in zinc. In 
bismuth, the passage of current from the solid to the melt 
across the interface causes an absorption of heat, and the 
Peltier coefficient is 0.014 v. The effects in cadmium and zinc 
are opposite in sign to that in bismuth, and only about a 
quarter as large. The value obtained for bismuth agrees with 
that reported by Pfann,* but is only about half the value 
deduced from the thermo-electric power data of Boylston.* 
A possible explanation of this discrepancy will be discussed. 

1A. F. loffe, Zhur. Tekh. Fiz. 26, 478 (1956) 


? Piann, Benson, and Wernick, J. Electronics 2, 597 (1957). 
+R. W. Boylston, Phys. Rev. 30, 911 (1927). 


Y2. Thermoelectric Power of Separated Lithium Isotopes.* 
D. J. MontGomery, R. G. LerrLer, anD G. M. Situ, 
Michigan State University——The thermoelectric power S be- 
tween wires of Li (99.3% Li®, 0.7% Li’) and Li’ (0.2% Li®, 
99.8% Li’) was measured at temperatures T between 77 
and 295°K. The value of dS/dT for Li’ with reference to Li* 
was found to be less than +5 XK 10~ wv /(K°)*, giving a thermo- 
electric force of about 15 wv between room temperature and 
liquid-nitrogen temperature. With the present specimens it 
is impossible to rule out the slight chemical impurities as the 
source of even this small voltage. In any event, the standard 
rather unsatisfactory theories of thermoelectric power in- 
dicate a difference of considerably less than 2% between 
isotopes in the rate of change of electron mean free path with 
energy. 


* Supported by the Office of Ordnance Research and the U. S. Atomic 
Energy Commission. 


Y3. Surface Structure of Field Evaporated Metal Crystals.* 
Erwin W. MOLLER AnD J. F. Mutson, Pennsylvania State 
University.—Low-temperature field evaporation! of refractory 
metal tips produces the cleanest surfaces of atomically perfect 
smoothness. Unlike the heat of vaporization of neutral atoms, 
the work to remove ions from a surface depends upon the 
crystallographic orientation because of the variation of the 
thermionic work function. The habit of the end form of a 
field evaporating metal crystal is characterized by a rounded 
off shape with the radius of curvature varying in the same sense 
as the work function of the considered region. At practically 


zero temperature, the actual field strength for evaporation 
of tungsten ions from the 111 plane is measured to be 1 billion 
v/cm, and for the 110 plane, 800 million v/cm, in agreement 
with the image force theory. High resolution ion microscope 
pictures of field evaporated surfaces of tungsten, rhenium, 
iridium, platinum, and platinum-rhodium alloy with either 
perfect or imperfect structures will be presented. The con- 
trolled evaporation at 21°K of individual atoms and single 
net planes of a platinum crystal will be shown in a short 
16-mm movie film. 


* Su in part by the Air Force Office of Scientific Research and by 


a fellowship of the Texas Company. 
'E. W. Maller, Phys. Rev. 102, 618 (1956). 


Y4. Correlation of Annihilation Radiation from Oriented 
Copper Crystals.* S. Berko anp J. S. PLaskett, University 
of Virginia.—According to De Benedetti e? al., the tail in the 
angular correlation of annihilation radiation from pusitrons 
in polycrystalline copper can be attributed to the sharp cutoff 
of the positron wave function at the “ionic radius.”’ R. A. 
Ferrell states that this “excluded volume effect, being associ- 
ated with the periodic lattice, should show a dependence on 
orientation." In particular a measurement of the momentum 
distribution in the (110) direction should show, besides the 
central parabola, subsidiary maxima at +9.5 milliradians. 
We have measured the angular distribution from single 
copper crystals oriented in the (110), (100), and (111) direc- 
tions. The apparatus was standard, each counter subtending 
0.5 milliradian from the copper sample. The predicted effect 
has not been observed and, in fact, the shape of the tail is 
very similar to the polycrystalline tail, so indicating the 
minor importance of the high momentum components of the 
positron wave function. This conclusion is in agreement with 
a calculation by A. M. Garofalo, which indicates that the tail 
is predominantly due to annihilation with the d electrons. 
The tails in iron and cobalt are also apparently due to d 
electrons as can be deduced from recent experiments by 
S. S. Hannah and R. S. Preston. 


* Supported by the Office of Naval Research. 


Y5. Phase Diagram of Bismuth to 130 000 kg/cm?, 500°C. 
F. P. Bunpy, General Electric Company.—The phase diagram 
of bismuth under static pressure and temperature conditions 
has been determined to 130 000 kg/cm* and 500°C using the 
superpressure apparatus developed at the General Electric 
Research Laboratory. The observations of Bridgman, and 
others, to 30 000 kg/cm* and 300°C were generally verified. 
This new work indicates two new solid phases, VII and VIII. 
The III, VII, liquid triple point occurs at about 22 700 
kg/cm*, 185°C; the VII, VIII, liquid one at about 43300 
kg/cm?, 290°C ; the V, VII, VIII one at 71 000 kg/cm!?, 170°C 
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A Ill, IV, VII triple point is suggested at 43 300 kg/cm’, 
170°C. The VI to VIII transition at room temperature occurs 
at about 125 000 kg/cm? and involves a sharp decrease in 
electrical resistance which can serve as a pressure calibration 
point in future work. 


Y6. Effects of Vibrational Spectrum on Transport Prop- 
erties of Aluminum. A. MEYER, University of Florida.— 
Walker's vibrational spectrum is incorporated into the 
calculation of transport properties of aluminum. The first 
required step is to distinguish between terms in the transport 
integrals which originate from energy and those which origi- 
nate from momentum. This is done through the use of a 
modified Kohler-Sondheimer solution, as previously suggested 
by Ziman. The method for obtaining an averaged-out dis- 
persion relation for aluminum from Walker's vibrational 
spectrum is shown and then used to convert Bardeen’s scatter- 
ing probability from a function of wave number to a function 
of frequency. This is, in turn, included in the calculation. 
The contributions of normal and umklapp processes are 
modified by the dispersion relation and then included in the 
calculation. No consideration is made of transverse modes 
in the normal processes, since aluminum is almost isotropic 
and the usual assumption is that transverse modes enter the 
normal processes only in materials anisotropic in their elastic 
properties. On the other hand, an attempt is made to incorpor- 
ate the transverse modes in the umklapp processes through 
the angle between the phonon wave vector and the electron 
scattering vector k’—k. The results we have obtained to date 
and a comparison with the experimental results of Powell are 
presented. 


Y7. Elastic Constants of Silver and Gold. G. A. ALERS AND 


J. R. NerGHBours, Ford Motor Company.—Using the pulsed 
ultrasonic methoi the elastic constants of crystalline silver 
and gold have been determined in the temperature range 
298°K to 4.2°K. The extrapolated 0°K values in units of 
10" dyne-cm™ are 


Cu 4(Cu —Ci2) Cu 


1.315 0.171 0.511 


Silver 
2.016 0.160 0.454 


Gold 
The room temperature values determined here are in sub- 
stantial agreement with those of other investigations.'* 
Using DeLaunay’s*? formula the Debye temperatures are 
calculated to be 6=228°K for silver and @=162°K for gold. 
!R. Bacon and C. S. Smith, Acta Met. 4, 337 (1956). 
2 E. Goens and J. Weerts, Physik. Z. 37, 321 (1936). 


aj. = Solid State Physics (Academ 
1956), Vol. 2 


Y8. On the Distribution of Impurity Atoms in the Stress 
Field of a Dislocation. D. N. BesHers, Columbia University.— 
Following Louat,' we can consider the distribution of impurity 
atoms near a dislocation and if we consider a single type of 
impurity, we will arrive at Louat's result. This result is easily 
rearranged to yield 


(mi/Ni) =1/(ae"!*? —1), 


where N; is the number of sites of energy U;, m; is the number 
of such sites which are occupied by an impurity atom, and a 
is a parameter of the system. This has the form of the Fermi- 
Dirac distribution function with a=exp(—er/kT). We can 
justify this result independently by considering that the 
impurity atoms are identical particles of which only one can 
be placed in any particular site. This result is of great im- 
portance in the interpretation of experiments which attempt 
to measure the binding of impurities to defects by determining 
the concentration of impurity remaining in solution in equi- 
librium with the defect as a function of temperature. 


1N. Louat, Proc. Phys. Soc. (London) 69B, 459 (1956). 


. Inc., New York, 


Y9. Electronic Wave Functions in Imperfect Metal Lat- 
tices. W. A. Harrison, General Electric Research Laboratory.— 
A cellular method is proposed for constructing wave functions 
in distorted monovalent metals and alloys. It involves a 
straightforward generalization of the cellular method used 
by Bardeen! to calculate the cohesive energies of the alkali 
metals and is based on the same expansion in wave number. 
The spherical approximation is replaced by an ellipsoidal 
approximation due te Hunter and Nabarro.* The wave 
function is written in a generalized Bloch form. The factor 
which corresponds to the exponential in the periodic case must 
satisfy a particular differential equation within each cell, 
as well as specific matching conditions at all cell surfaces. It 
is found that the resulting wave functions diagonalize the 
nonperiodic Hamiltonian in the same approximation that the 
Bardeen solutions diagonalize the periodic Hamiltonian. 
Hence, if it is assumed that the nonperiodic one-electron 
potential can be described as spherically symmetric within 
ellipsoidal cells, the eigenstates can be found in the same 
approximation as that used in the periodic case 

1 J. Bardeen, J. Chem. Phys. 6, 367 (1938). 


2S. C. Hunter and F. R. N. Nabarro, Proc 
$42 (1953). 


London) A220, 


Roy. Sox 


Y10. Low-Temperature Heat Capacity of Cu-Ge Alloys. 
Joun A. RAYNE, Westinghouse Research Laboratories (intro- 
duced by T. Holstein).—As an extension of previous work 
on the a brasses, the low-temperature heat capacity of the 
primary phase of the copper-germanium system has been 
measured. When due allowance has been made for lattice 
expansion, it is found that the change in the electronic heat 
capacity for low electron/atom ratios is the same for the two 
systems. In neither case are the changes consistent with the 
relation derived by Friedel* for a parabolic 4s band, viz., 
Ay/y =cZ/3p, for a solute concentration c of valence Z rela- 
tive to the solvent, which has » electrons per atom in the 
valence band. This is taken as providing further evidence 
that the Fermi surface in copper departs appreciably from 
spherical shape. The lattice heat capacities will also be 
analyzed to provide information concerning the variation of 
elastic constants with solute concentration in each system. 


1J. A. Rayne, Phys. Rev. 108, 22 (1957 
2 J. Friedel, Advances in Phys. 3, 465 (1957 


Y11. Solution Energy of Dilute Alloys. Epwarp W. Hart, 
General Electric Research Laboratory.—The most difficult parts 
of the problem of computing the solution energy of an im- 
purity atom in a metal is the evaluation of the interaction 
of the electrons, introduced with the impurity, with the 
lattice fields and their interaction with the conduction elec- 
trons, taking account of correlation and the exclusion principle. 
It is proposed that these effects can be accounted for if the 
wave functions of the extra electrons be formed as wave 
packets constructed from excited one-electron states above 
the Fermi level. The energy of each such packet is then 
obtained simply according to the energy of the one-electron 
states plus the energy of interaction with any fields which 
were not part of the original lattice. So far as this method has 
been tried, no change in the conduction electrons has been 
considered, but instead the solution energy has been com- 
puted variationally with a trial wave function. The principal 
difficulty remaining is the lack of knowledge of the spectrum 
of the unfilled states. Approximations may be made however. 
Results will be discussed for H in Cu. 


Y12. Theory of Precipitation. Frank S. Ham, General 
Electric Research Laboratory.—We have calculated the rate of 
precipitation of solute from supersaturated solution for 
precipitate particles of various shapes and for differeit 
growth conditions. In general, the excess solute density can 
be approximated as pex(?) =p-x(0) exp[—(t/r)"] during the 
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first 50% of the precipitation. Under diffusion-limited con- 
ditions, is found to be § for spheroids that grow from initi- 
ally negligible dimensions with constant eccentricity. This 
result includes disks and rods as well as spheres. We have also 
found an exact solution of the diffusion equation correspond- 
ing to the growth of a spheroidal particle with constant 
eccentricity under diffusion-limited conditions. Hence a 


change in eccentricity during growth should ordinarily be 
attributed to something other than the shape of the diffusion 
field. Our value of »=§ for all ids does not support 
Wert and Zener’s suggestion'* that n is § for disks and 2 for 
rods under diffusion-limited conditions. 


iC, Wert, J. A Fags. 30. 908 
2C. Wert and C. Zener, J. A 


ool Phys. 3 21, 5 (1950). 


SATURDAY AFTERNOON AT 1:45 


Grand Ballroom 


(J. STEINBERGER presiding) 


Cosmic Rays 


Z1. Changes in Cosmic Rays from 1954 to 1957.* H. Victor 
NEHER AND HuGuH R. ANDERSON, California Institute of 
Technology.—In the period 1954 to 1957 the intensity of cosmic 
rays changed by a large factor. By cosmic rays we mean the 
radiation before it comes under the influence either of the 
earth's atmosphere or of its magnetic field. The ionization 
at balloon altitudes (i.e., about 15 g cm™* depth) near the 
north geomagnetic pole in the summer of 1957 was less than 
half its value in 9954, the area under the ionization-depth 
curve was down 34%, and the numbers of primary particles 
was down by a factor of four. Thus, most of the change was 
in particles of low energy. The intensity of cosmic rays during 
the present solar maximum is considerabiy lower than during 
the solar maximum of 1937. Therefore, the ionization at 
balloon altitudes in August, 1957, near Thule, Greenland, 
was 30% lower than in 1937. This is consistent with the 
higher level of activity of the sun during this cycle compared 
with that 20 years ago 

* Assisted by the joint program of the Office of Naval Research, the U. S 


Atomic Energy Commission, and the International Geophysical Year 
program of the National Academy of Sciences. 


Z2. Cosmic-Ray Increases Associated with Small Solar 
Flare.* J. J. Corrican, S. F. Srncer, anp M. J. Swernick, 
University of Maryland.—Short duration increases in cosmic- 
ray intensity following a small solar flare were found by a 
detector designed to follow very rapid intensity changes 
(~ a few seconds). The high counting rate telescope is sensi- 
tive to low-energy cosinic rays whose effect would be small 
at low altitudes. The detector was therefore unshielded and 
flown at 25 000 feet near the auroral zone. A 3-hour flight 
was made on August 9, 1957. Two 30% increases were ob- 
served at 1349 UT and 1433 UT; they lasted for 2 minutes 
41 seconds and 1 minute 58 seconds, respectively. A class 1 
west limb flare started at 1330 UT. Our observations confirm 
the expectation that small solar flares produce short increases 
of low-energy cosmic rays that would have been missed by 
detectors at low altitudes and latitudes.! This may explain 
why so few solar flares have produced observable increases 
in the past. 


* Supported by U. S. Air Force Office of Scientific Gamat 
1S. F. Singer, IUPAP Cosmic Ray Congress, Varenna, 
Nuovo cimento (to be published). 


Z3. Observations on Heavy Primary Cosmic-Ray Nuclei 
above the Atmosphere.* HERMAN YaAGopA, National Institutes 
of Health—On July 16, 1957, a cylindrical block of GS emul- 
sion 8.0 mm in diameter and 10.6 mm thick encased in a 
thin-walled Dural cassette was exposed to cosmic radiation 
during the flight of U. S. Air Force Aerobee rocket No. 80 
which reached a peak elevation of 123 km. At 46 km the 


" June 1957. 


nosecone was ejected thereby exposing the emulsions to the 
primary radiation for 260 sec with only a total of 137 mg cm™* 
of local condensed matter present from the vertical. The 
fragile unit was recovered in excellent condition following 
a successful parachuting operation. A preliminary survey has 
revealed the tracks of 26 particles of Z >6, corresponding to 
a flux of 5.341.1 heavy primaries (m*-sec-sterad)“ at 
A=41°N. The M/H ratio is 18/8. In addition 2 boron and 
1 beryllium tracks were noted. Collisions were produced in 
the emulsion by nuclei identified as Be, N, O, and Fe. Two 
heavy particles interacted with the thin aluminum shell as 
indicated by the direction of narrow angle beams of secondary 
tracks. In one of these external events a jet composed of a 
lithium nucleus, 2 alpha particles, and 37 singly charged 
relativistic particles entered the top emulsion layer indicating 
the interaction of a particle of Z>7 at a depth of 85+15 
microns below the polished aluminum surface. The angular 
divergence of the multiply charged secondaries provides an 
estimate of 34 Bev per nucleon for the incident particle. 


* Exposure securec| in conjunction with the U. S. Air Force Cambridge 
Research Center micro-meteorite program. 


Z4. On the Origin of Cosmic Rays. JoserH G. BARREDO, 
C.S.1.C.* (introduced by R. J. Moon).—Since quantum 
electrodynamics, relativity, and even Coulomb's law do not 
hold for distances < 10-“ cm or times < 10~* sec, the opinion 
is growing that concepts like timeless jumps, waves, linearity 
fields, external coordinates, interactionless mass, and struc- 
tureless particles are meaningless. Since one never observes 
a particle but only the interaction of particles, the nonlinear 
equation J (current) =KN%-#(1) was deduced, avoiding the 
foregoing concepts. As shown, Eq. (1) (a) can be written as a 
function of distances in the particle, without external co- 
ordinates; (b) reduces to Coulomb's law (fixed time, #) or 
Ohm's law (t+); (c) predicts a proved phenomenon called 
chronosuperconductivity, showing the configuration of any 
particle to be a trion, i.e., a carrier in front of a dipole spinning 
around the configuration center; (d) allows measuring its 
dimensions through its binding energy. The trion concept 
indicates that cosmic-ray energy could be produced by fusion 
of a trion (the cosmon) with a binding energy > 10" ev to 
which the corresponding length is < 10-** cm [see calculations 
of deuteron's dimensions, confirmed by Rochester High Energy 
Conference conclusions (to be published) ] and explains why a 
point charge electron gives infinite self-energy and why a 
nonpoint charge is not invariant under Lorenz's transforma- 
tion. This transformation fails to define any particle because 
of the unstability of charges and mass within the particle due 
to interactions. 

* Now at the University of Chicago. 


Post-Deadline Papers, If Any 
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SUPPLEMENTARY PROGRAMME 


SP1. Integer-Valued Constants of Motion in General Rela- 
tivity. Davip FINKELSTEIN, Stevens Institute of Technology 
and New York University.*—As has been pointed out by 

* Anderson and Mizner, the constants of motion of general 
relativity are just the quantities constructed from the gravita- 
tional field that are invariant in form and value under arbi- 
trary coordinate transformations. A fortiori, invariants under 
arbitrary continuous deformations of the gravitational field 
are also constants of the motion. As an illustration, a quantity 
n which is a functional of the gravitational field taking the 
values 0, +1, +2, . . . is exhibited which has some of the 
properties of a particle number. Its value is zero for a universe 
which is deformable to flat Minkowski space. In a typical 
universe where n=+1, there is a small region where the 
flow of time is backwards. In general, » counts the number 
of such regions, with negative values arising from the pos- 
sibility of a sort of pair annihilation. (The values of m are 
obtained as the elements of the third homotopy group of the 
space of symmetric tensors of signature +---.) 

* To be given at the end of Session XA if the Chairman rules that time 
permits. 

SP2. New Conception of the K Meson.* CuHaries J. 
GoEBEL, University of Rochester—At the Rochester Con- 
ference, 1957, M. Gell-Mann presented a scheme for imple- 
menting the idea that the pion was coupled equally to all 
baryons. To get around the difficulty that the isotopic spin i 
of all the baryons is not the same, he represented each baryon 
as an eigenstate of the a spin and b spin, let me call them. 
(For N and = i=a; for = and A i=a+b.) The pion is taken 
to be an a spin vector. Now, consider a boson x which is 
a b-spin vector and which couples (NZ) to (ZA). If we adjoin 
a b-spin scalar g which has odd charge (and time) parity, 
we find that (xq) is equivalent to (K*6,K~,62) ; i.e., the usual 
strangeness is conserved. Note that the absence of an isotopic 
scalar “pion” does not mar the symmetry, for the coupling 
of such a “pion” having odd charge parity vanishes identi- 
cally. 

* To be given after paper GA4 if the Chairman rules that time permits. 

SP3. Relativistic Quantum Mechanics with a Momentum 


Cutoff.* T. A. WELTON, Oak Ridge National Laboratory.—A 
number of phenomena point with some force to the necessity 


of introducing a cutoff momentum into relativistic quantum 
mechanics. Unfortunately, such attempts within the frame- 
work of conventional theory always have a rather arbitrary 
appearance. A new formulation has been devised in which 
field quantization is unnecessary either for consistency or to 
obtain the results of conventional calculation. In this new 
theory, simple commutation relations between coordinate 
operators can be introduced, which effectively impose a 
smallest length, without any assumption of an arbitrary 
form factor. New expressions for interparticle forces and 
self-energies have been obtained in the photoelectron and 
pion-nucleon cases. A crucial experiment would be the electron- 
electron scattering at high relative energy and cross-section 
predictions for this case will be given. 


* To be given at the end of Session MA if the Chairman rules that time 
permits. 


SP4. Skewness and Flatness Factors of the Distribution of 
Ou, /Ox," at Hugh Reynolds Numbers.*{ Ropert H. Kraica- 
NAN, New York University—The universal range spectrum 
form and autocorrelation function for huge Reynolds number 
R given in an accompanying abstract! are found to yield for 
the skewness factor of the distribution of d*u,/dx,;" the value 
S,~A,R™*, where A, is a universal constant. Although 
measurements at high enough R to provide a conclusive 
discrimination are not available, this R dependence is more 
compatible with examined data* than the asymptotically 
R-independent behavior required by the Kolmogorov simi- 
larity hypothesis. The present theory yields expressions for 
fourth-order, velocity-derivative moments in terms of the 
functions E(k) and r(k,r). From these it is found that the 
flatness factor of the distribution of d*u,/dx," approaches, for 
each n, a universal finite limit as R-~=x. The theory also 
yields finite universal limits for quantities of the type 
((@u,/dx1)*)( (8*u,/Ax,*)*) /((d*u,/ax*)?. Both of these results 


are compatible with examined data.? 

* Supported by the Geophysics Research Directorate, Air Force Cam 
— Research Center. 

Tt To be given at the end of Session X if the Chairman rules that time 
permits. 

1R. H. Kraichnan, Bull. Am. Phys. Soc. Ser. II, 3, 65 (1958 

2G. K. Batchelor, The Theory of Homogeneous Turbulence 
Press, Cambridge, 1953), pp. 118-119, 172-175 
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HOTEL INFORMATION 


The New Yorker is the headquarters hotel. 
Reservations should be sent directly to Mr. Thomas 
Hurd, Front Office Manager of the New Yorker, 
in the manner directed below. Please tear off the 
attached and use as your room reservation blank. 
Be sure to specify the persons for whom reservations 
are being made. All rates quoted are for the room, 
and in the event of more than one person occupying 
the room the rate can be shared. If a third person 


“roll-away"’ bed will be added to the cost of the 
room. 

If a room at the rate requested is not available, 
one at the nearest available rate will be reserved for 
you. Be sure to bring the confirmation slip with you 
as proof of your reservation. In fairness to others, 
please make a cancellation if your plans change. 
Unless otherwise requested, the hotel will hold 
reservations only to 6 p.m. of the day of your arrival. 


is housed in the room, the cost of the extra Check out time is 3 P.M. 
HOTEL RATES 
Suites 
Double-Bed Twin-Bed One Room for Living Room 
Room and Bath Room with Bath Room with Bath 3 persons Bedroom and Bath 
for one for two for two with Bath for one or two 
HOTEL per day per day per day per day per day 
New Yorker 
34th Street $8-$13 $11.50-$16.50 $14.50-$19.50 $15-$18 $25.00 and up 


at &th Avenue 


NOTE: All rates subject to New York City 5% hotel room tax. 


Tear Off 


FRONT OFFICE MANAGER 
HOTEL NEW YORKER 

34TH STREET AND 8TH AVENUE 
NEW YORK, NEW YORK 


single 


Please enter my reservation for a double bedroom at approx. $ 


twin 
I 
Meeting. plan to arrive 
We 


Print below persons in your party. 
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Tear Off 


A.P.S. 


to $ . per day for the 1958 A.P.S. 


and remain until 


Signature 
Address (Street or P.O.) 


Town or City and State 








Second Announcement of the 1958 March Meeting 


The 1958 March meeting of the American 
Physical Society will be held in Chicago, at the 
University of Chicago and under the auspices of 
the Institute for the Study of Metals thereof, on 
Thursday, Friday, and Saturday, March 27, 28, 
and 29. This is the meeting at which our Divisions 
of Solid-State Physics and High-Polymer Physics 
present their largest and most numerous pro- 
grammes of the year. The official hotel is the 
Windermere, at 1642 East 56th Street, Chicago 37. 
After its own accommodations are fully booked, 


the Windermere will place our members in other 
hotels of that region (which, for those not yet 
acquainted with Chicago, may be described as the 
most convenient of all to the University). In 
writing to the Windermere, mention that you are a 
member of the Society coming for this meeting. 
Deadline for abstracts of contributed papers is 
Friday, January 17. 

There will be no Southwestern meeting this year, 
but it is intended to resume the Southwestern 
sequence in late February or in March of 1959. 


Announcement of the 1958 Washington Meeting 


The 1958 Spring meeting of the American 
Physical Society will be held in Washington, D. C., 
at the Sheraton-Park and the Shoreham Hotels 
and the National Bureau of Standards, on Thurs- 
day, Friday, and Saturday, May 1, 2, and 3. These 
are the latest days of the year on which our Spring 
meeting ever falls, or ever will so long as the 
National Academy of Sciences maintains its present 
schedule and we maintain our own tradition of 
beginning our meeting just after its meeting ends. 


Room reservations are to be made by writing to the 
Sheraton-Park Hotel, Washington 8, D. C., and 
specifying that the writer is a member of this 
Society coming to this meeting. The Sheraton-Park 
engages to provide rooms in other hotels after its 
allotment to our members is fully booked: our 
members may designate the hotels of their choice. 
It is a good idea to see to this matter before the 
Washington Bulletin appears. Deadline for ab- 
stracts of contributed papers is Friday, February 21. 





MEETINGS AND DEADLINES FOR 1958 


Place 


Stanford, California 

New York 

Chicago 

Washington 

Ithaca, New York 
Vancouver, *British Columbia 
not decided 

Los Angeles 


* Abstracts for the Vancouver and Los Angeles 
meetings are to be sent to W. A. NIERENBERG, 
University of California, Berkeley 4, California, and 
must reach his office not later than the correspond- 
ing deadline date. 

Abstracts for the other meetings listed above are 
to be sent to Kart K. Darrow, American Physical 
Society, Columbia University, New York 27, New 
York, and must reach his office not later than the 
corresponding deadline date. Take note that ab- 
stracts mailed the day before deadline-day often 


December 19-21 

January 29-February 1, 1958 
March 27-29 

May 1-3 

June 19-21 

August 26-28 

November 28-29 

December 18-20 


Deadline date 


past 

past 

January 17 
February 21 
April 18 
June 27 
September 26 
October 17 


Meeting dates 


fail to arrive in time: the last postal delivery of the 
day usually comes to our office before 2 p.m. Allow 
at least two days for abstracts sent by airmail from 
points east of the Mississippi, and longer for those 
sent from farther west. To avoid chance of confu- 
sion, please do not send an abstract for any meeting 
until the deadline date of the previous meeting is at 
least five days past. The privilege of contributing 
papers to meetings of the American Physical Society 
is restricted to the members of the Society and to non- 
members whose papers are sponsored by members. 


RULES AND INSTRUCTIONS FOR THE PREPARATION OF ABSTRACTS 


The Council has ordered that abstracts shall be 
not longer than two hundred (200) words or the 
equivalent thereof. In reckoning equivalence, a 
footnote is equated to ten words; each line in a 
table to ten words; a “‘display’’ formula—one that 
requires a line to itself—is an expensive luxury 
equated to forty words. 

Two copies of each abstract must be sent to the 
appropriate office. They must be typewritten; one 
must be an original, the other may be an original or 
a carbon copy. They must be double-spaced: single- 
spaced manuscripts are too crowded to permit the 
editorial markings to be made with ease and clear- 
ness. Each abstract must be confined to a single 
page: if it is too long for a single page it is too long 
to be printed. If we receive an abstract typed on two 
pages, we print only its first page. Write each ab- 
stract as a single paragraph: the suppression of 
paragraphs costs time and labor to the editors. Do 
not use very thin paper; a sheet of very thin paper 
may cause extraordinary trouble when mixed with 


sheets of reasonable thickness. Look at the abstracts 
in this Bulletin to see how the title of the paper and 
the name of the author are to be arranged, and 
follow the example. Issues of the Bulletin are always 
appreciably delayed because the editors have to do 
what the authors should have done. 

Remember the rule of the Council that, if an 
author submits more than one abstract, all but one 
must go onto the Supplementary Programme. In 
enforcing this rule, an abstract is credited to the 
author whose name appears first in the by-line. 

It now becomes’ an expensive business to make 
any change in an abstract, even the snrallest, after 
the abstract has gone to press. By order of our 
Council “‘A change in an abstract will be permitted 
only at the discretion of the Secretary or his deputy, 
and only if TEN DOLLARS is enclosed with the 
letter in which the change is requested.’’ As here- 
tofore, an abstract will not be withdrawn from 
proof unless the asker sends ten dollars with his 
request. 


Important Notice to Members and Fellows of the American Physical Society 


before January 31, 1958, notify the undersigned of 
your name and address as you wish them to appear 


A new Membership List of the American Physical 
Society will be issued in 1958, and it is highly 
desirable that this be as nearly complete and ac- 
curate as possible. Shortly after January 1, 1958, 
you should receive by first-class mail, in a window 
envelope, a return-addressed postal card bearing 
your name and address of present record, together 
with instructions for its immediate return emended 
as necessary. If you do not receive this postal card 


in the Membership List. If your professional 
affiliation does not appear in your address, this 
additional information is requested. 

SHIRLEY L. QuIMBY 

Pupin Physics Laboratories 

Columbia University 

New York 27, New York 
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MINUTES OF THE TENTH ANNUAL GASEOUS ELECTRONICS CONFERENCE HELD AT 
CAMBRIDGE, MASSACHUSETTS, OCTOBER 2, 3, AND 4, 1957 


HE Tenth Annual Gaseous Electronics Con- 
ference was held at the Massachusetts Insti- 
tute of Technology at Cambridge, Massachusetts, 
on October 2, 3, and 4. The Conference was jointly 
sponsored by the Division of Electron Physics, the 
Sylvania Electric Products, Inc., and the Massa- 
chusetts Institute of Technology. The title of the 
invited paper and the abstracts of the 41 contri- 
buted papers are printed below. There were 297 
registrants. 
The Conference banquet was held on Friday 


evening, October 4. Giorgio de Santillana of the 
Massachusetts Institute of Technology was the 
after-dinner speaker. He presented a talk on the 
“Trials of Galileo.” 

The Conference Committee for the coming year 
consists of W. P. Allis (Chairman), Sanforn C. 
Brown, L. H. Fisher, J. A. Phillips, and D. J. Rose 
(Secretary). 


C. Brown, Secretary 
1957 Gaseous Electronics Conference 


Positive Column 


Al. Low-Temperature High-Density Plasmas. R. C. 
KNECHTLI AND W. KNAUER, Radio Corporation of America.— 
A method for producing a “cool’’ or monochromatic electron 
beam is described. It is based on the reduction of the thermal 
energy of thermionically emitted electrons by thermalizing 
collisions of these electrons with the molecules of a cool gas. 
Such a low-temperature electron beam could be used for 
ultra-low-noise traveling-wave tubes or for basic physical 
research. Because the electrons can drift only very slowly 
through the cooling gas (otherwise they would heat up instead 
of being cooled!), their density must be very ‘large. The 
resulting space charge is neutralized by means of cesium ions 
produced by contact ionization. Electrons and ions are con- 
fined in a plasma beam by means of a magnetic field of a few 
hundred gauss. After having drifted through the cooling 
gas, this plasma beam extends through a differential pumping 
system and emerges in high vacuum. There, the electrons 
are extracted from the cool plasma, and a monochromatic 
electron beam of controllable energy is formed. An analysis 
was made of the properties of the magnetically confined 
dense plasma beam. Probe measurements were found to be 
compatible with the theory. Interesting recombination effects 
have been discovered. 


A2. Temperature Measurements in High Current Arc 
Plasmas. H. N. O_sen, Linde Company.—Temperatures in the 
range 10 000 to 22 000°K have been measured spectroscopic- 
ally in thermal plasmas of high current argon arcs. The 
method used was developed originally by Fowler and Milne! 
and later adapted for measurements in transparent plasmas 
by Larenz.* Spectrally resolved radiation intensity maps, 
corrected for variation of depth of radiation with position in 
the plasma, were obtained on a relative intensity scale for 
arcs burning in both the normal mode and the cathode-spot 
mode. Isotherm maps covering the foregoing temperature 
range were constructed from the spectral maps. Plasmas 
studied were those of nonconsumable electrode arcs provided 
with sufficient electrode cooling to prevent metal vapor con- 
tamination. The arcs, operating in an enclosed chamber to 
avoid atmospheric contamination, burned between a tungsten- 
rod cathode and a plane copper anode. Chamber gas was 
argon at atmospheric pressure. Currents ranged from 100 to 
400 amperes. 

1R. H. 8 og t a E. A. Milne. See A. Unsold, Physik der Sternatmos- 


nee —— 
‘oo, ? Physik 129, 327-342 (1951). 


A3. Dynamic Response of Arcs in Various Gases. T. E. 
Browne, Jr., K. H. Yoon, anv H. E. Sprnpe, Westinghouse 
Electric Corporation, Trafford.—The dynamic volt-ampere be- 
havior of an arc column can be described by means of dif- 
ferential equations in which energy storage in and power 
loss from the column account for time lag effects. The ratio 
of an energy quantity to power loss appears as a “time con- 
stant."’ This constant and the steady-state voltage gradient 
are sufficient ae parameters in simple arc “‘model"’ equations. 
Such equations can be solved simultaneously with those of 
the supply circuit to determine, for example, arc stability 
limits. A method for measuring arc time constants for use in a 
modified Mayr-type equation will be described. Results will 
be given showing close correspondence between computed 
behavior and observed behavior of low current vertical semi- 
confined arcs in still gas. Arc currents from 1 to 6 amperes 
and gas pressures from } to 7 atmospheres have been used. 
Time constants have been found to increase with enclosure 
diameter, gas pressure, and arc current, and to be extremely 
dependent upon gas medium. Values range from } micro- 
second in sulfur hexafluoride at low pressure to hundreds 
of microseconds in nitrogen at higher pressures. Physical 
explanations for these variations are being sought. 


A4. Deviations from Ionization Balance—aA Tool for Study- 
ing Ionization Processes in a Plasma. Jonn F. WayMoutu, 
Sylvania Electric Products, AND Francis Brtter,* MIT.—An 
experiment has been devised for switching an operating dis- 
charge to a zero-impedance power supply whose voltage can 
be varied above or below the equilibrium discharge voltage 
just prior to switching. If the zero-impedance voltage is above 
the discharge voltage, the electron density and discharge 
current increase with time, tending toward infinity. If the 
zero impedance voltage is below the equilibrium discharge 
voltage, the electron density and discharge current decrease 
with time, tending toward zero. The discharge is switched 
back to its ballasted power supply before catastrophic damage 
or extinction occur. From the rate of change of electron 
density with time, information can be obtained about the 
ionization processes in the discharge. 
can ork done at Engi ring Lab ries of Sylvania Electric Products, 





AS. Transition from Non-Maxwellian to Maxwellian Elec- 
tron Energy Distributions in Rare Gas Discharges. G. 
MEDicus, "Wright. Patterson Air Force Base.—In hot-cathode 
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rare gas discharges in the mm pressure range, high-energy 
(8-16 ev) electron groups, superimposed on a Maxwellian, 
are usually observed. In a Ne fire-ball discharge, families 
of electron energy spectra were determined from automatically 
plotted probe curves by a short cut! to Druyvesteyn’s method, 
with the probe location and the discharge current as param- 
eters. At low currents the high-energy group is clearly separ- 
able and is found to obey simple diffusion laws, with no 
interaction within itself, but with energy transfer to the Max- 
wellian group. The temperature of the latter group initially 
rises in proportion to the total current. With increasing total 
current and rising temperature the energy transfer increases, 
and the fast group progressively disappears into the Max- 
wellian, until at total currents in the ampere range, at electron 
temperatures of about 20000°K, the deviations from the 
Maxwellian practically disappear except for a persistent 
deficiency in the high-energy Maxwellian tail. 


1G. Medicus, J. Appl. Phys. 27, 1242 (1956). 


A6. Theory of Moving Striations. P. J. Watsu, Westing- 
house Electric Corporation.—The coupled continuity equations 
for the electrons and ions in a plasma have been treated by 
Watanabe and Oleson.! Unfortunately, the simultaneous 
diffusion of electrons and ions to the tube walls was handled 
incorrectly by them. When this diffusion is treated correctly 
it is found that the striation wavelength and velocity are 


determined solely by nonlinearity in the ionization rate and 
by any change in the electron parameters produced by the 
energy variation within the striations. This energy variation 
is determined by the use of the power balance equation for 
the electrons. Preliminary calculations show good agreement 
with experiments conducted in mercury-krypton discharges.* 


1S. Watanabe and N. L. Oleson, Phys. Rev. 99, 1701 (1955). 
2H. L. Steele, Gaseous Electronics Conference, paper F3, (1950) 


A7. Studies of Cataphoresis in Discharges in Mixtures of 
Gases; Two New Effects. C. KEnty, General Electric Company, 
Nela Park.—Measurements have been made of the transport 
oi Hg along the positive column of a dc discharge in mix- 
tures of Hg with the rare gases. The unexpected retrograde 
transport of Hg in Xe is due to a drift of neutral Hg toward 
the anode under the impact of the electrons which exceeds 
the drift of Hg ions toward the cathode. This is made possible 
by the relatively large Ramsauer cross section of Hg and the 
inferred presence of numerous Xe ions. An ac discharge in 
Ne plus a trace of A concentrates the A axially toward the 
middle of the column. Similarly, Hg is concentrated toward 
the middle of a column in Ne+Hg, A+Hg or Kr+Hg but 
toward the ends in Xe+Hg. The effect increases with current 
and rare gas pressure and decreases with increasing Hg 
pressure. It is probably caused by nonuniformity of field 
due to traveling striations or other asymmetric effect. 


Cathodes 


B1. Hollow Cathode Glow Discharge in Mercury Vapor.* 
K. G. Hernovist, RCA Laboratories—The hollow cathode 
glow discharge operates with a metal cathode having a 
aspherical cavity and a small exit aperture. The main glow is 
situated inside the cathode cavity. This discharge has been 
operated in mercury vapor by keeping the inside of the cavity 
wetted with mercury. The volt-ampere characteristic does 
not exhibit any regions of negative resistance. An analysis 
based on the energy balance relation will be shown to yield 
a volt-ampere characteristic which is in good agreement with 
experiment. Microwave measurements of the plasma density 
also corroborate the analysis. These studies indicate that 
plasma densities in excess of 105 cm~* may be obtained in 
this discharge. 


* This research was supported by the United States Army Signal Corps. 


B2. Cathode Sheath in a Low Density Discharge. P. L. 
Aver, H. Hurwi7z, Jr., anp S. Tamor, General Electric 
Research Laboratory.—We consider a gaseous discharge be- 
tween two plane parallel electrodes under the assumption that 
the electron current at the cathode is space charge limited. 
We shall be particularly interested in studying the variation 
of the potential distribution with gas pressure. When the gas 
pressure is very low, little ionization is produced so that the 
potential distribution follows the Langmuir-Child’s law. As 
the gas pressure is increased, the positive ion space charge 
reverses the curvature of the potential near the anode and 
eventually leads to the formation of a positive column. The 
present work is an extension of the classical paper published 
by Langmuir in 1929.1 We shall exhibit self-consistent solutions 
for the cathode sheath potential distribution on the basis of a 
model in which the space charge results from the primary 
electrons and from ions generated within the cathode sheath 
region. Also considered is the case in which the anode (which 
may be regarded as the boundary of the positive column next 
to the cathode sheath) emits additional ions contributing to 


the space charge. 
1 Irving Langmuir, Phys. Rev. 33, 954-989 (1929). 


B3. Motion and Spectrum of High-Speed Cathode Spots. 
D1no ZeI AND J. G. WINANS, University of Wisconsin.—The 
motion and spectrum of a mercury arc cathode spot was 
observed at a junction between metal and mercury and ata 
groove above the liquid-metal junction. For all magnetic 
field strengths the spot velocity at the groove was greater 
than at the junction. For constant field, the spot velocity at 
the groove showed a maximum at about two amperes with 
increase in current. The spot velocity at the junction increased 
with current for all currents. The spot at the groove was about 
5 mm long and 1 mm wide. The spectrum of the spot at the 
groove showed Hg 1, Hg 11, and Hg 111 lines. There is no 
broadening of the spectrum lines at the spot as observed for 
a spot at the junction. The mechanism proposed by St. John 
and Winans! accounts for both groove and junction modes of 
operation of the arc. 

1R. St. John and J. G. Winans, Phys. Rev. 


B4. Mechanism of Electron Emission in Arcs on Low 
Boiling Point Cathodes. T. H. Lee, General Electric Company, 
Philadelphia.—There has been considerable difficulty in ex- 
plaining the mechanism of electron emission in arcs on low 
boiling point cathodes such as copper or silver. Cobine and 
Burger! have shown that thermionic emission is unlikely and 
the electric field at the cathode calculated from the MacKeown 
equation? is too low to account for the electron emission by 
the Fowler-Nordheim mechanism of field emission. Thermionic 
emission (including the Schottky effect) and field emission 
are really the limiting cases of a more general emission equa- 
tion treated by Murphy and Good.* In the intermediate range, 
where both field and temperature are high the emission 
process is strongly dependent on both variables. Dolan and 
Dyke* have proposed the term “7-F’ emission for this 
region. In this paper, the “7-F" emission is calculated over 
a wide range of temperature and field. It is then shown that 
the electron emission in arcs on low boiling point cathodes 
may be explained by the mechanism of “‘7-F"’ emission. 

1J. D. Cobine and E. E. Burger, J. Teo LS 26, 895 (1955). 

S. MacKeown, 7s Rev. av. 6 611 (19 

Phys. ice, 102, 1464 (1956). 


L. “Ted ond and R. Good, Jr., 
ow. Ww . Dolan and W. P Dyke, Phys. Rev, 95, 327 (1954). 


94, 1097 (1954 


Abana A 
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BS. Transport with Dissipation. Don E. HARRISON, JR., 
University of Toledo.—This paper describes a technique which 
will solve the Boltzmann transport equation for a special 
case in which kinetic energy is not conserved in an individual 
collision. It consists of a neutron cooling type analysis com- 
bined with a suitably modified energy, or “lethargy,” transi- 
tion function. Conservation of momentum is maintained by 
a transformation to the center-of-mass system, but kinetic 
energy is removed by fractionally reducing the final velocity 
of both the striking and struck particles. The fraction retained 
introduces a new dissipation parameter into the theory. The 
usual transition probability analysis can then be carried 
through, and all functions retain the same general character- 
istics although they now depend upon both the mass ratio and 
the dissipation parameter. The new method will be applied to 
the author's theory of cathode sputtering,’ and certain other 
analytic techniques which simplify that analysis will also be 
discussed. As modified, the theory compares satisfactorily 
with a much broader range of experimental data. This new 
method is particularly useful because it makes no restrictions 
on the way in which energy is being removed from the kinetic 
system. In the case to be discussed, this energy is available to 
rupture lattice bonds, but it could equally well be utilized for 
electron excitation or radiation. 


+ Don E. Harrison, Jr., 
1202 (1957). 


Phys. Rev. 102, 1473 (1956) and Phys. Rev. 105, 


B6. Details of Behavior of a Wire during Electrical Ex- 
plosion. Wittiam G. Cuace, Air Force Cambridge Research 
Center.—Wires subjected to very high current densities 
(>10* amp/cm*) become highly superheated and vaporize 
“instantaneously.” The term “transplosion” is proposed for 
this process. The conductivity changes from metallic to 
gaseous type with a decrease in magnitude of 10° to 10* times. 
How these changes effect the current behavior depends on 
composition and dimensions of the wire and on capacitor 
voltage. Oscillograms record five types of behavior, but it 
will be shown that all are really variations of the D type. 
This is the type with the well known exploding wire “dwell” 
or “dark” time. It is proposed that this is not a time of zero 


current, but one of low current. Based on oscillograms and 
fractional microsecond photographs, a hypothesis is advanced 
that dwell is the result of a high ratio of field strength to 
pressure which prevents avalanching and restricts current 
flow to scarce carriers. Reignition is, then, breakdown made 
possible by decreasing pressure. An equaticn based on this 
theory predicts dwell times with satisfactory accuracy as 
com position and dimensions of wire are changed. 


B7. Arc Initiated Discharge in Magnetic Field in High 
Vacuum. II. Magneto-Ionic Expander Type of Discharge. 
Josern .SLEPIAN, Westinghouse Research Laboratories.—A 
short arc between electrodes in a parallel magnetic field set 
in the middle of a relatively not so short, high vacuum tank 
giving a current to the tank wall positive or negative, not 
limited by space charge, was described here last year. This 
ionic centrifuge took a high voltage but was ineffective for 
isotope separation. The same arc placed between two expander 
electrodes between which a high enough difference of electrical 
potential is applied feeds ions and an equal amount of electrons 
to a set of insulated slats which terminate the expander tube, 
and thus forms a discharge of quite different properties. The 
expander electrodes are placed initially at less than an inch 
respectively from the arc, but they expand so they embrace 
a distance of two or more feet at the insulated slats. A net 
current is induced which is entirely closed within the gas 
itself ; termination upon the expander electrodes is prevented 
by the action of the magnetic field. The action of this induced 
net current upon the ions and electrons which pass through 
it en route to the insulated slats causes the random velocity 
to approach zero, and the mean velocity of approach to the 
individual slats to be common to the isotopes. The isotopes of 
the ions become separated. The enrichment giving light ions 
on the slats near the negative expander and heavy ions on 
the slats rear the positive expander is great enough so that 
essentially pure isotopes are obtained in one stage. An arc 
of 100 amperes will give approximately a cost per gram of 
U®* of $8.00; a 1000 ampere arc, less than $2.00. The cost of 
the presently used diffusion method is more than $15.00 per 
gram of U™5. 


Cross Sections 
Contributed Papers 


Cl. Further Studies of the Imprisonment of Resonance 
Radiation. A. V. PHe_ps anp A. O. McCousrey,* Westing- 
house Research Laboratories —The relative importance of the 
diffusion of resonance atoms and the escape of resonance 
radiation for mercury 6°P, resonance atoms has been deter- 
mined from studies of decay of the 2537 A resonance radiation 
following a period of optical excitation.' Holstein’s theory of 
the imprisonment of resonance radiation* predicts decay 
constants at fixed temperature which are a function only of 
the product of the mercury density and the radius of the cell. 
Diffusion theory predicts decay constants which are inversely 
proportional to the product of the mercury density and the 
square of the radius.* Using a combined theory, the results 
show that diffusion is negligible and that the predictions of 
imprisonment theory are confirmed to within 15%. The 
experiment sets an upper limit to the production of the dif- 
fusion coefficient and the gas density of 5X10’ atoms/cm- 
sec at 340°K, which is consistent with a value of 4x10"* 
atoms/cm-sec from theory.‘ 

* Now at The National Company, Incorporated, Melrose, Massachusetts. 

1 Alpert, McCoubrey, and Holstein, Phys. Rev. 76, 1257 (1949). 

*T. Holstein, Phys. Rev. 72, 1212 (1947); Phys. Rev. 83, 1159 Gosh 
¥ a tae Handbuch der Physik (Springer-Verlag, Berlin, 1956), 

Sh ideeie A Alpert, and MieConbenr.. Phys. Rev. 85, 985 (1952). As in the 
case of charge transfer ¢ coefficient yan — 


by assuming the cross section for AX... transfer to be 
section for excitation transfer. 





C2. Excitation Functions and Rates for the Principal Levels 
of Helium. L. S. Frost anp A. V. PHELPs, Westinghouse 
Research Laboratories.—Cross sections and rates of excitation 
by electrons have been evaluated for the 2'S and 2°S metasta- 
ble and the 2'P resonance levels of the helim atom. The cross 
section for excitation to each He level up to a principal 
quantum number m equal to 6 was arrived at using the avail- 
able optical and electrical measurements and theoretical 
results.' Cascading was computed to obtain the total excitation 
cross section to the principal m =2 levels; effects of collisional 
transfer of excitation and of imprisonment of resonance 
radiation were included in the analysis. The rates of excitation 
obtained by integrating the total cross sections over published 
electron energy distribution functions* are in essential agree- 
ment with the microwave measurement of total metastable 
production by MacDonald and Brown.’ 

1H. Ss. W. M and E. H. S. Megs ont Sete Sante 
Phenomena (Oxford University London, 1952), Il mig *- 

71. A. Smit, Physica 3, $43 (1936); F H. Reder and S. C. Brown, Ph = 


Rev. * 885 (1954). 
+A. D. MacDonald and S. C. Brown, Phys. Rev. 75, 411 (1949), 


C3. Total Ionization by Low-Energy Electrons in Neon. B. 
T. McCrure, Bell Telephone Laboratories—The average 


number of ions, m, which are created by low-energy electrons 
when they are stopped in a field free region is an important 
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parameter in connection with certain gas discharge proh!cms. 
Johnson! measured n in a number of gases and found general 
agreement with the values obtained by stoppirg highly 
energetic a and 8 rays. In extending Johnson’s work, we inject 
electrons having well defined energies up to 200 volts into 
neon. When the primary electrons are neither reflected to 
their source nor collected by the container before being cooled 
below the ionization potential, the total number of ions which 
they produce is a good measure of n. When the primary 
electron energy is less than the sum of the ionization and 
minimum excitation energies (38 volts for neon), n deter- 
mines the ratio of the total excitation probability to the 
ionization probability. Preliminary data indicate that the 
total excitation probability increases rapidly with energy up 
to a peak and thereafter decreases in the manner generally 
expected for excitation. The magnitude and energy dependence 
of n for neon are of the same order as reported by Johnson. 


1 J. B. Johnson, Phys. Rev. 10, 609-623 (1917). 


C4. Mobilities of Ions in Rare Gases at Low E/p». Ear C. 
Beaty, National Bureau of Standards—An apparatus to 
measure the mobilities of ions in gases with greater accuracy 
and resolution, and at lower values of E/P>» than has been 
previously possible, has been developed to a point where 
useful data is being obtained. A double shutter method is 
used with fast square pulses driving the shutters. Detection 
of the ions is currently being done by an amplifier-oscilloscope 
combination, and the time of flight of the ions is measured 
using the calibrated oscilloscope sweeps. The second shutter 
is not now used but eventually will serve to isolate the detec- 
tion equipment from the timing equipment permitting greater 
sensitivity and resolution. Data in the rare gases have been 
obtained at values of E/p, less than 1.0 volts/cm-mm Hg, 
in argon, making the extrapolation to zero E/p) much more 
reliable. The lowest value of E/p» for which measurements 
have been made previously is about 8 volts/em-mm Hg. 
Preliminary results will be presented and compared with 
those of other investigators. 


Invited Peper 


CS. Rocket Investigation of Atmospheric Photochemistry. Freperick F. 


Cambridge Research Center. 


MARMO, Air 


Contributed Papers 


C6. Electron Attachment in Oxygen at Low Energies. 
Lorne M. CHANIN AND MANFRED A. Bionp1, Westinghouse 
Research Laboratories.—Measurements have been made of the 
electron attachment cross section in oxygen using a double 
shutter drift tube of the type developed by Pack and Phelps.' 
This tube permits attachment studies at lower electron 
energies than have been reached previously (~0.2 ev).? Thus 
we have a means of investigating the apparent anomaly be- 
tween the drift tube measurements of Bradbury* and of 
Doehring* which yield attachment cross sections of ~10-" 
cm? at 0.2 ev and the microwave value* of ~10- cm? at 0.04 
ev. The present measurements are in reasonable agreement 
with the results of Bradbury and of Doehring, but indicate 
a decrease in the cross section with decreasing electron energy 
starting at 0.2 ev in contrast to the Bloch-Bradbury theory® 
which predicts a rise in cross section from 0.2 ev to 0.1 ev 
followed by a decrease at lower energies. 

Gh <, Pack and A. V. Phelps, Phys. Rev. 100. 1229(A) (1955). 

whe eee Phys. Rev. 44, 883 (19. 
: “ Dochring. Z Tg mg 7 7a, 253 (8950). 


4M. ey Rev. 84, 1072(A) (1951). 
SF. Bloc a 'N. Face ely Phys. Rev. 48. 689 (1935). 


C7. Negative Ion Formation and Electric Breakdown for 
Some Halogenated Gases. W. M. HicKamM AND D. BERG, 


Westinghouse Research Laboratories.—The formation by reso- 
nance electron capture of SF,~ from SF, has been shown! to 
occur at less than 0.1 electron volt and to possess an energy 
width less than 0.05 ev. Utilizing a conventional electron gun 
and mass spectrometer, the formation of negative ions at low 
electron energies have been investigated for a number of 
halogen containing gases used in electric breakdown studies. 
The SF,~ peak is used as an energy calibration for establishing 
the appearance potential and the energy width over which 
capture occurs for the individual gases. Investigations** have 
shown the significance of electron attachment in electric 
breakdown. It is found that the relative areas of the negative 
ion curves can be correlated with the electric breakdown 
voltages. The results suggest that the formation of SF;~ 
rather than SF,- may be the important process in providing 
the relatively high electric breakdown value for SF¢. Electron 
attachment associated with SF, and CCl, is found to be an 


extremely sensitive function of the gas temperature. The gases 
investigated include CCl, CCI,F, CCl.F:, CCIF;, CF,, 
CF,SFs, SeFs, C2F3Cl, and CHCI,F. 

1W. M. Hickam and R. E. Fox, J. Chem. Phys. 25, 642 (1956 


2J. W. Marriott and J. D. Craggs, Electrical Research Association 
L (toot (1953). 
3M. A. Harrison and R. Geballe, Phys. Rev 


91, 1 (1953 


High-Temperature Plasmas 


D1. Pinch Effect in Argon and Helium.* J. W. MATHER, 
Los Alamos Scientific Laboratory.—Experimental evidence will 
be given showing the self contraction of a high-current gas 
discharge in a Columbus (linear) geometry. The inward radial 
velocity is shown to depend on the square root of the applied 
electric field and inversely on the fourth root of the mass 
density of the gas. The agreement with theoretical predictions 
(M-Theory)! will be indicated. 

* Work performed under the auspices of the U. 
TM. Rosenbluth, Los Alamos Scientific Laboratory Report, LA-1850, 
“Infinite conductivity theory of the pinch’ (September, 1954). 


D2. Current Distribution in an Impulsive Pinched Dis- 
charge.* L. C. Burxwarpt, Los Alamos Scientific Laboratory. 


S. Atomic Energy Com- 


—A magnetic probe technique has been employed to measure 
the distribution of current as a function of time in a Columbus 
(linear) pinched discharge whose current rises to 1.5105 
amperes in six microseconds. A positive current sheath forms 
first near the tube wall and then moves toward the axis with 
a velocity in agreement with simple theoretical calculations. 
During this inward motion of the main current, a reversed 
current flows between it and the tube wall. By the time the 
main sheath reaches one-third the tube radius, a second 
positive current sheath forms near the tube wall. Instabilities 
destroy the pinch after two microseconds, precluding measure- 
ments during the rest of the current cycle. 


* Work performed under the auspices of the U. S. Atomic Energy 


Commission. 
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D3. Instabilities in a Pinched Discharge.* R. H. Lovserc, 
Los Alamos Scientific Laboratory.—Observations of the insta- 
bilities which characteristically destroy the axial symmetry 
of a pinched discharge have been made using image converter 
and magnetic probe techniques. It is observed that the pre- 
dominant instability in a simple discharge in one which 
pinches off the plasma column at regular intervals (‘‘sausage’’) 
and that this instability is removed by the application of a 
longitudinal magnetic field. The remaining instability is 
found to distort the discharge column into a helical shape. 
These results all confirm the theoretical predictions of Kruskal 
and Tuck.'! 


* Work performed under the auspices of the U. S. Atomic Energy 


Commission. 
' Los Alamos Scientific Laboratory Report, LA-1716, “Instability of a 
pinched fluid with a longitudinal magnetic field” (November, 1953). 


D4. Neutron Generation From Straight Pinches* (Colum- 
bus I’). Ropert E. Dunaway,t Los Alamos Scientific Labora- 
tory.— Experiments on the neutrons produced in a high-current 
pulse discharge in deuterium are described. With 15 kv 
applied to a straight discharge tube 30 cm in length neutrons 
are produced at ~1.4 ywsec after gas breakdown in a pulse 
0.1 wsec in length. The yield, 10’—10* neutrons per discharge, 
is quite sensitive to gas purity and discharge tube wall 
material. The axial asymmetry in neutron energy indicates 
that the neutrons were produced in reactions whose center of 
mass moves preferentially towards the cathode. Several 
mechanisms for the production of these neutrons are discussed. 

* Work done under the auspices of the United States Atomic Energy 
Commission. 


t Present address 
Corporation 


General Atomic Division of General Dynamics 


DS. Spectroscopic Observations of Pinched Discharges.* 
Emory J. Stovati, Jr., Los Alamos Scientific Laboratory.— 
The temperature produced in a pinched discharge in xenon 
has been determined by the application of the Saha equation 
of ionization equilibrium to the observed relative intensities 
of the spectral lines of the consecutive stages of ionization of 
xenon in the spectrum of the pinch. The degree of compression 
in density achieved in pinched deuterium has been determined 
by measuring the broadening of the Balmer series spectrum 
lines at the time of the pinch. The method is based upon the 
Holtsmark' theory of the stark effect in ionized gases. Similar 
observations were made in much greater detail on the He II 
line at 4686 A. In a pinched Helium discharge under conditions 
of somewhat higher density and temperature. In this case the 
shape of the line does not agree with that predicted by 
existing theories of line broadening. The intensity in the wings 
of the line varies as (AA), whereas the Holtsmark theory 
predicts a variation as (AA)~*?, and the collision theory 
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(Ad). An attempt to develop a theory consistent with these 
observations is underway. 
*Work performed under the auspices of the U. 
ission. 


Comm: 
! J. Holtsmark, Ann. Physik 58, 577 (1919). 


D6. Magnetically Driven Electrodeless Shock Tube for the 
Production of High Energy Plasmas. G. SARGENT JANEs, 
Avco Research Laboratory.—High temperatures have been 
produced in fully ionized hydrogen and deuterium at pressure 
between 0.08 and 0.8 mm/Hg by means of magnetically 
driven shock waves. The system is electrodeless. A light gas 
in a cylindrical shaped 4-in. diameter Pyrex chamber is 
driven radially inward toward the axis by an axial magnetic 
field associated with currents in a surrounding single turn 
coil. A 200 000 ampere current is built up in this coil in 0.5 
usec by means of a capacitive energy storage power supply 
and a pressurized spark gap. Velocities up to 15 cm/sec have 
been measured with the use of photomultipliers and slits. 
These velocities can be interpreted as leading to temperatures 
up to 350000°K by use of the conservation equations. 
Experimental velocities are in agreement with theoretical 
predictions assuming that the gas excludes the field by surface 
currents. It is anticipated that this work can be extended to 
produce temperatures greater than 1 000 000°K at particle 
densities of the order of 10**. Under these conditions, the 
magnetic field terms in the Boltzmann equation will dominate 
over the collision terms, and anomalous hydrodynamic 
phenomena may be expected. : 


‘Arthur R. Kantrow? a Harry E. Petschek, in Magnetohydro- 
dynamics, edited by Rolf K. M. Landshoff (Stanford University Press, 
Stanford University, Cldornia). 


D7. Extremely Large Gas Temperatures in the High 
Pressure Coaxial Capacitor Discharge. Heinz FiscHer, Air 
Force Cambridge Research Center (ARDC).—Maximum energy 
with shortest pulse length is released into the gap of a capacitor 
discharge when the inductance L of the circuit is reduced to 
its minimum. As a result of this consideration, special toriodal 
capacitors were developed which surround the gap coaxially. 
Maximum gas temperatures in helium (gap 0.2 cm, 35 atmos, 
breakdown voltage 7 kv, maximum current approximately 
63 K amp, current density approximately 1.5 X 10* amp/cm*) 
exceeding 250000 degrees Kelvin are calculated from the 
spectral radiation density, which is measured. The method 
is described.-—Photographs of the spark channel as short as 
0.1 wsec after “zero” time (exposure 0.1 ysec) are taken in 
the gases H», He, and A by means of a gated image converter 
(Mullard 1201) and the growth of the channel as a function 
of time observed.—The opacity of the channel is measured 
directly, applying a spherical mirror which images the reflected 
light back through the channel. 


S. Atomic Energy 


Microwaves; Coulomb Interactions 


El. Study of Radiated Noise from an Arc Discharge. H. A. 
ScHaFFT AND A. D. KrumBein,* University of Maryland.— 
The radiated noise spectrum of an aluminum arc discharge 
in air was investigated quantitatively between 100 mc and 
650 mc at atmospheric pressure and as a function of pressure. 
Pulse studies were also made. Radiated noise, which is believed 
to be caused by relaxation oscillations, could be detected in 
the entire range from 80 kc to 2200 mc. Quantitative data, 
however, could not be obtained except in the limited region 
stated above. Copper and mild steel arc discharges radiated 
almost no noise in the larger frequency range. In general, the 
results confirm the work of Skolnik and Puckett! for noise 
obtained with the receiver coupled directly to the arc dis- 
charge circuit. 


* Now at Nuclear Deveinomen Corporation of America. 
J. ‘Appl. Phys. 26, 74 (1955). 


1M. I. Skolnik and H. R. Puckett, Jr., 





E2. Microwave Investigation of Disintegrating Plasmas in 
Mixtures of the Rare Gases. H. J. Oskam, Philips Research 
Laboratories, Eindhoven.—Measurements concerning the be- 
havior of the afterglow in mixtures of the rare gases are 
presented. An admixture of atoms with a lower ionization 
potential than that of the main gas is found to have a great 
effect on the disappearance of the electrons from the plasma. 
The afterglow is studied in helium, in the binary gas mixtures, 
in helium with a small concentration of neon, argon, and kryp- 
ton, respectively, further in neon, neon-argon, and neon- 
krypton mixtures. Measurements in these mixtures all show 
the replacement of the molecular ions of the main gas by 
atomic ions of the admixture even at very low concentrations 
of the latter. The process concerned in helium-neon may be a 
charge-exchange process between a molecular helium ion and 
a neon atom; in the other mixtures the Penning effect cannot 
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be excluded. At higher concentrations the atomic ions of the 
admixture are converted into molecular ions by three-body 
collisions with an atom of the main gas and an atom of the 
admixture. The data obtained for the various processes will 
be presented. 


E3. Microwave Diagnostics for Controlled Fusion Re- 
search.* CHARLES B. WHARTON, University of California, 
Livermore.—High temperature plasma research, aimed mainly 
toward controlled thermonuclear reactions, has been greatly 
facilitated by the development of a number of microwave 
measuring techniques, called “microwave diagnostics.’ These 
schemes are based in part on previous plasma microwave 
studies, but mostly on ideas generated at UCRL over the 
past five years in conjunction with the AEC Project Sherwood. 
The properties of a plasma of arbitrary geometry méasurable 
by these techniques are: average spatial density, density 
distribution, collision frequency, electron “kinetic tempera- 
ture,” recombination, and other loss rates, all as a function of 
time, with or without strong magnetic fields present. The 
quantities measured directly are the phase and absorption 
coefficients of the dispersive propagation ‘“‘constant,”’ the 
electron and ion gyrofrequencies, intensities of electromagnetic 
radiations emanating from the plasma, and emission spectra 
of these radiations. A brief theoretical discussion of the 
mechanisms involved and experimental results indicating 
satisfactory correlation are presented. Experimental setups 
and millimeter wavelength equipment employed in the experi- 
ments are described. 


* Work performed under auspices, of the U. S. Atomic Energy Com- 


mission. 


E4. Oscillations in a Plasma in a Magnetic Field. H. W. 
BANDEL AND R. M. Hit, Sylvania Electric Products, Inc., 
Mountain View.*—A study has been made of oscillations 
which occur within a gas filled smooth anode magnetron. As 
has been previously observed by Nelson,' the modes of oscilla- 
tion indicate that there are two conditions on the frequency 
which must be satisfied simultaneously; the frequency must 
be approximately equal to an integral multiple of the electron 
cyclotron frequency and it also depends on the electron 
density. Rough relative density measurements give evidence 
that the oscillations follow the dispersion law w* =w2+w,*. 
Here w, is the Langmuir-Tonks plasma angular frequency and 
w and w, are the oscillation and cyclotron angular frequencies, 
respectively. Using probes inside the anode, simultaneous 
measurements of relative phase and amplitude of signals as a 
function of azimuthal angle have shown that there is no 
azimuthal variation. This result rules out Nelson's theory 
which postulated the existence of azimuthal oscillations. Hard 
tube magnetron oscillations at angular frequencies of approxi- 
mately w./v2 also have been found to have no azimuthal 
variation. 


* This work performed under Signal Corps Contrac’ 
1D. Nelson, Final Report Contract No. Wis 122—ac-— 34 (1954). 


ES. Microwave Propagation in a Hot Magneto-Plasma. J. 
E. DrumMonp, Stanford Research Institute-—-A theoretical 
study of the propagation of transversely polarized microwaves 
through a very hot, dense plasma in a magnetic field is 
presented. This study is based upon a more general conduc- 
tivity tensor presented at an earlier conference (to be pub- 
lished). It is shown that for certain ranges of the parameters 
the index of refraction, (m), differs widely from that predicted 
from the usual theory; regions of nonpropagation (i.e., for 
which m is imaginary) now become propagating regions, 
and the index of refraction depends upon électron density 
and densitometer seem feasible. The temperature range con- 
sidered is such that 107-*<(v,*)/c?<10-* where (v,*) is the 


mean square electron speed normal to the magnetic field and 
c is the speed of light. The density range considered is such 
that 40 <w,?/w?<400 where w, is the electron plasma fre- 
quency and w the microwave frequency. 


E6. Effects of Electron-Electron Interactions on Cyclotron 
Resonances in Gaseous Plasmas.* Rupo_pH C. Hwa, Uni- 
versity of Illinois.—The long-range part of the Coulomb inter- 
actions has been found to have a negligible effect on the 
velocity distribution function of the electrons for densities 
less than 10" cm-*. To account for the short-range forces the 
Boltzmann-Fokker-Planck equation was set up in cylindrical 
coordinates, and was solved numerically on the digital com- 
puter for various values of magnetic field and charge densities. 
The results indicate that the electron-electron scattering 
reduces the absorption at the peak of the cyclotron resonance 
and broadens its width. With the magnetic field equal to zero 
it is found that the electron-electron interaction alters the 
ac conductivity of the plasma by no more than a few percent 


* Supported by the Air Force Cambridge Research Center 


E7. Electron-Electron Interaction and Heat Conduction in 
Gaseous Plasmas.* T. SEKIGUICHIT AND L. GOLDsTEIN, Uni- 
versity of Illinois —The phenomenon of heat conduction in 
gaseous plasma is observed in order to explore the problem of 
the mutual electron interaction. In addition to the technique 
of interaction of pulsed microwave in decaying plasmas, the 
phenomenon of “afterglow quenching” is exploited in the 
experiments. The experimental values of the thermal con- 
ductivity, in low gas pressure neon and xenon plasmas of 
adequately high charge density, are determined by two 
different methods. They have been found to be of the order 
of 10-*~10-5 (joules/cm sec degree) for the electron density 
range 10"%~10" (1/cm*) at room temperature (~300°K 
The most significant result of these experiments is that the 
thermal conductivity in the plasmas described is chiefly de- 
termined by heat flow in the electron gas of the plasma. Thus 
the mutual interaction of the electrons plays a predominant 
role in the phenomenon of heat conduction. The experi- 
mentally obtained values of the thermal conductivity are ir 
agreement within less than one order of magnitude with those 
given by the theory of Spitzer and Harm 


* Supported by Air Force Cambridge Research Center 
1 Visiting from University of Tokyo, Japan. 


E8. Theory of Run-Away Electrons.* H. Dreicer, Los 
Alamos Scientific Laboratory.—This paper applies the Boltz- 
mann method to the problem of electrons moving through a 
gas of positive ions under the influence of a static uniform 
electric field, EZ, of arbitrary strength. In sufficiently large 
fields the zero order electron velocity distribution is chosen to 
be Maxwellian, displaced by the electron drift velocity. This 
assumption is based upon the fact that the rate of energy 
partition due to electron-electron encounter is larger than the 
rate at which electron-ion encounter converts drift energy 
into random energy. The Boltzmann equation shows that at 
constant temperature, electrons are accelerated indefinitely 
for E larger than a critical field, i.e., runaway. If Joule heating 
occurs, stationary solutions do not exist, even when the critical 
field exceeds E. For sufficiently small fields the problem 
changes its nature. Only high energy electrons in the “‘tail’’ of 
the distribution run away, the time scale for appreciable 
depletion of the ‘‘body"’ being determined by a diffusion 
process in velocity space from the body into the tail. The 
Boltzmann formulation yields the probability for depletion 
as a function of time. Time scales for this type of runaway 
are large compared to mean free collision times. 

Energy 


*Work performed under the auspices of the U. S. Atomic 


Commission. 
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Breakdown 


Fl. Low Pressure Microwave Plasma in a Magnetic Field.* 
D. O. Akuurst, S. J. Bucusspavum, E. I. Gorpon, M.I.T.—A 
low pressure hydrogen plasma in a magnetic field is described. 
The plasma is contained in a narrow cylindrical quartz tube 
along the axis of a cylindrical microwave cavity that oscillates 
in the TE;,,; mode at a resonant wavelength of 10 cm. The 
configuration and strength of the magnetic field is such that 
electrons can gain energy from the microwave field through 
the cyclotron resonance effect. At high pressures both the 
breakdown and maintaining fields exhibit the well-known 
cyclotron resonance effect. However, at low pressures when 
the electron mean free path (in the absence of a magnetic 
field) is larger than the length of the quartz tube, it is easier 
to produce and maintain the plasma with a magnetic field a 
few percent off the value of magnetic field required for 
cyclotron resonance. Phenomena responsible for this “dis- 
placed” resonance will be described. 

* This work was supported in part by the U. S. Army (Signal Corps), 
the U. S. Air Force (Office of Scientific Research, Air Research and f 


velopment Command), and the U. S. Navy (Office of Naval Research); 
and in part by the U. S. Atomic Energy Commission. 


F2. Electron Diffusion Within a Cylindrical Microwave 
Cavity. R. J. Municx, Hughes Research Laboratories —The 
equation for the diffusion of free electrons in a gas subjected 
to a microwave electric field within a cylindrical cavity under 
the influence of a continuous source of ionization has been 
solved for the concentration of electrons as a function of 
position and time, subject to the boundary condition that the 
concentration at the walls is proportional to its gradient. It 
was assumed that the ionization and diffusion coefficients are 
constant and that recombination of electrons with ions is 
negligible. The continuous-wave breakdown criterion agrees 
with that of Herlin and Brown,' but the diffusion length is 
altered by the boundary conditions. The continuous source of 
ionization does not affect the breakdown threshold. A para- 
doxical result is that the application of a microwave field of 
less than threshold strength can reduce the equilibrium con- 
centration of electrons already present. 


1M. A. Herlin and S. C. Brown, Phys. Rev. 74, 910 (1948). 


F3. Multipacting Modes of High Frequency Breakdown. 
ALBert J. Hatcn, Argonne National Laboratory, anv H. 
BARTEL WiLiiaMs, New Mexico College of A. and M.A.—A 
previously developed average electron theory for the 1/2- 
cycle multipacting mode of low-pressure high-frequency 
breakdown (secondary electron resonance) has been extended 
to higher order modes. A semitheoretical plot of breakdown 
voltage V vs the product of frequency times electrode separa- 
tion fd using representative fitting parameters is given for 
the 1/2- through 9/2-cycle modes. In addition to the custom- 
ary 1/2-cycle cutoff the theory predicts a modified cutoff in 
each of the mode transition regions. Breakdown data for 
machined alclad electrodes at 2 microns show 1/2-cycle 
cutoff at about 100 mc-cm/sec and 3/2-cycle cutoff at about 
450 mc-cm/sec. The 3/2-cycle cutoff is indicated by a dip in 
the breakdown curve and is strongly dependent on electrode 
surface conditions. The concept of higher order multipacting 
modes clarifies the breakdown mechanism in the transition 
region between multipacting and diffusion controlled break- 
down. An examination of typical microwave diffusion break- 
down data shows that at pressures sufficiently below the mean 


free path limit the observed breakdown voltages are consistent 

with those observed for various multipacting modes. 
* The major potion of the work described here was performed at New 
Ordnance, 


Mexico College of A. and M.A., supported by the iy ta of 
U. S. Navy. 


F4. Three-Dimensional Potential Well Produced by the 
Secondary Electron Resonance Mechanism. H. BARTEL 
Witiiams, New Mexico College of A. and M.A.—When the 
secondary electron resonance mechanism (multipacting) 
operates at low pressures, 0.1 micron Hg or less, a region in 
space is created in which the averaged charge density is 
negative. A positive ion sees this region as a three-dimensional 
potential well. Computations based on computed electron 
trajectories and experimentally measured parameters have 
been made. Curves of force and potential functions derived 
from these computations will be presented. A discussion of 
the magnitude, shape, and stability of this potential well will 
be presented. Some uses of the potential well will also be 
discussed. 


FS. High-Frequency Breakdown in Air and Hydrogen. 
Etsa Huser Sort aND Puitip M. PLATZMANN, Hughes 
Research Laboratories —Breakdown electric fields between 
parallel-plate electrodes have been measured for air and 
hydrogen at a frequency of 10 mc, with plate separations 
varying from 0.5 to 4.0 cm. The measurements have been 
carried out to considerably higher values of pd than have 
previously been reported for high frequencies, viz., to 150 and 
400 mm HgXcm in air and hydrogen, respectively. For 
electrode separations greater than the electron oscillation 
amplitude, results are in general agreement with measure- 
ments of other workers at the lower fd values, both at micro- 
wave frequencies and 200 mc. However, the independence of 
breakdown field on gap length reported by Prowse and Lane! 
at 11.5 mc was not observed. In the present work, E/p was 
still decreasing slightly in both gases at the highest pd, 
indicating that diffusion still contributes to removal of 
electrons from the gap. 


1W. A. Prowse and P. E. Lane, Appl. Sci. Research BS, 127 (1955). 


F6. Current and Time Studies of the Positive Point Corona 
in Hydrogen.* L. A. BorNsTEIN AND L. H. FisHer, New York 
University.—The previous positive point-to-plane corona 
studies in air, nitrogen, and argon'* have been extended to 
hydrogen, with strikingly different results. Observations have 
been made of steady-state current-voltage characteristics at 
pressures near atmospheric, and at voltages below onset of a 
self-sustained discharge. These measurements provide strong 
evidence that a secondary mechanism must be invoked to 
account for the observed currents. Using Rose’s* measure- 
ments of a, values of y were computed to be of the order of 
10-*, in good argeement with those found in uniform field 
studies in H».* Time lag measurements of the pulsed glow 
corona in H; yield formative lags less than 0.1 usec even very 
close to threshold. This rules out the cathode as an agent in 
the discharge buildup of the pulsed glow corona in H:. A gas- 
dependent mechanism is proposed to account for the short 
formative times. An unusual quenching of the discharge cur- 
rent by ultraviolet irradiation has been observed. 

* Supported by the Office of Naval Research. 

1M. Menes and L. H. Fisher, Phys. Rev. 94, 1 (19. 

si. A. Bornstein and L. H, Fisher, Phys Rev. foo 1 1328 (1955). 


D. J. Rose, Phys. Rev. 7. 273 (1956 
: D. J. DeBitetto and L. H. Fisher, Phew. Rev. 104, 1213 (1956). 
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MINUTES OF THE FALL MEETING OF THE OHIO SECTION OF THE AMERICAN PHYSICAL SOCIETY 
HELD AT THE CINCINNATI MILLING MACHINE CoMPANY, CINCINNATI, OHIO 
NOVEMBER 1-2, 1957 


HE regular fall meeting of the Ohio Section of 

the American Physical Society was held at the 

plant of the Cincinnati Milling Machine Company, 

Cincinnati, Ohio, on Friday and Saturday, Novem- 
ber 1-2, 1957. 

Friday afternoon was given to an excellent tour 
of the Research Laboratories and the plant of the 
Cincinnati Milling Machine Company. After the 
tour the research men of the Cincinnati Milling 
Machine Company presented the following papers: 
“Electrode Discharge Machining’ by Dr. Phil 
Berghausen; “Hydraulic Servo-Control Simula- 
tion’’ by Mr. Richard R. Weber; and ‘‘Energetics 
of Plastic Deformation of Metals’’ by Dr. Robin O. 
Wiiliams. Arrangements for this much appreciated 


visit were made through Dr. M. E. Merchant, 
Mr. Robert Marshall, and Mr. Robert R. Weber 
of the Company. There was no evening session. 

Saturday morning was spent again in the Audi- 
torium of the Cincinnati Milling Machine Company 
where the four contributed papers were heard. 
Three represent new work and have abstracts which 
follow; the fourth, “About Satellites and Moon 
Watch,’ by Mr Kenneth E. Kissell, of Dayton, 
Ohio, was of general nature and there is no ab- 
stract. 


Leon E. Situ, Secretary 

Ohio Section of the American Physical Society 
Dennison University, 

Granville, Ohio 


Invited Papers 


1. Electrode Discharge Machining. PHit BERGENHAUSEN, Cincinnati Milling Machine Company. 
2. Hydraulic Servo-Control Simulation. Ricnarp R. WEBER, Cincinnati Milling Machine 


Company. 


3. Energetics of Plastic Deformation of Metals. Rosin O. WILLIAMS, Cincinnati Milling Machine 


Company. 


Contributed Papers 


1. Subtractive Color Demonstrations in the Teaching of 
Color. Isay BALINKIN AND C. HarRIsON DwiGcut, University 
of Cincinnati.—In the usual experiments upon color given in 
the physical optics laboratory, the spectral transmission of 
the samples of dyed materials is plotted as a function of 
wavelength by the proper settings of a spectrophotometer, 
while the color of the filter is seen by the eye. In anothe: 
experiment the transmittance curves of two such materials 
in series are observed simultaneously with the visual impres- 
sion of the residual color of the combination. Such super- 
imposed transmittance curves would give a quantitative 
result for the subtractive color mixture provided by the two 
filters. The multiplication of the one curve by the other would 
result in the transmittance curve of the group. It occurred to 
the authors that if it were possible to see through two given 
filters at the same time and, by merely glancing upward, to 
observe the conbination of the two transmittance curves of 
these filters, the student of colorimetry would have a graphic 
and simple means of studying the important phenomena of 
subtractive color mixture. Described herewith is a device 
which may be termed a SUBTRACTIVE COLOR SLIDE 
RULE which permits the superposition of any of four properly 
chosen “blue” filters upon any of four properly chosen 
“yellow” filters, while observing the superposition of their 
corresponding transmittance curves. The device in its present 
form permits sixteen color combinations and may be revised 
mechanically so that combinations of any two filters, and their 
curves, may be projected upon a screen for viewing by a 
large class. 


2. Energy Distribution of Electrons Emitted by Collisions 
of K Ions on Neon, Argon, and Krypton.* D. E. Moe anp O. 
Petscu, Western Reserve University Previous experimental 
work done on ionization of rare gases by positive ions led one 
to suspect the existence of fine structure in the energy spec- 
trum of the emitted electrons. In the present research on 


ion-atom collisions between K* ions and Ne, A, and Kr this 
fine structure in the energy spectrum of the emitted electrons 
definitely was observed. Electron energies were measured 
with a 180° magnetic spectrometer. For each gas studied the 
electron energies measured were independent of the incident 
K* ion energies over a range extending to 900 ev of ion energy. 
This would indicate that some intermediate mechanism 
becomes important during the collision process. 


* This project was supported by a grant from the National Science 
Foundation. 


3. The Ohio State University Cyclotron Scattering System.* 
H. A. Lackner, H. F. Bowsnzer, G. F. DELL, anp H. J. 
HausMan, The Ohio State University—A system has been 
designed and constructed to focus and momentum analyze 
the external charged particles accelerated in the cyclotron. 
The external cyclotron beam is extracted electrostatically 
from the cyclotron vacuum tank into a 2-in. o.d. brass beam 
tube. The beam is focused by a pair of quadrupole focusing 
magnets, bent through an angle of 15 degrees by a conven- 
tional sector type magnet and focused at the center of a 
12-in. o.d. scattering chamber. Detection of the charged 
particles emitted from bombarded targets placed at the center 
of the scattering chamber is accomplished by means of a 
scintillation counter mounted vertically through the top lid 
of the scattering chamber. The particle detector can be 
rotated about the target position for angular distribution 
analysis. A high-resolution, double-focusing magnet spec- 
trometer for the momentum analysis of charged particles 
emitted in nuclear reactions is under construction. Experi- 
ments not in progress will be described. 


* Supported in part by the U. S. Atomic Energy Commission. 


4. About Satellites and Moon Watch. KENNETH E. KIssELL, 
Dayton, Ohio. 
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